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SUBJECT!  Flood  Control,  South  Fork  Zumbro  River  at  Rochester,  Minnesota, 
Design  Memorandum  No.  2,  Phase  IB 


Commander,  North  Central  Division 
ATTN i  NCDED 
536  South  Clark  Street 
Chicago,  Illinois  60605-1592 


1.  Subject  design  memorandum  is  submitted  in  accordance  with  ER  1110-2-1150. 

2.  This  design  memorandum  presents  the  design  of  improvements  for  construction 
of  channel  modifications  and  related  structures,  dam  modifications,  and 
recreational  features  along  the  South  Fork  Zumbro  River  and  a  portion  of  Bear 
Creek  in  Rochester,  Minnesota. 

3.  I  have  met  with  officials  from  the  city  of  Rochester  to  discuss  project 
cost  sharing.  The  city  understands  and  fully  supports  this  project.  It  has 
indicated  its  interest  in  participating  in  cost  sharing  at  the  percentage  of 
total  project  costs  that  conforms  to  the  cost-sharing  policy  for  flood  control 
projects  in  the  Water  Resources  Development  Act  of  1986,  Public  Lav  99-662. 


1  Enel  (16  cys)  JOSEPH  BRIGGS 

FDM  No.  2  Colonel,  Corps  of  Engineers 

Comsundlng 
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PERTINENT  DATA 


Project  Document  -  Rouse  Document  93-156,  93rd  Congress,  1st  Session. 


Project  Authorization  -  1986  Water  Resources  Development  Act  (Public  Law  99- 
662). 


Project  Purpose  -  Flood  control. 

Location  -  Rochester  is  in  Olmsted  County  in  southeastern  Minnesota  on  the 
South  Fork  of  the  Zumbro  River,  a  tributary  of  the  Mississippi  River. 


Hydrology  and  Hydraulics 
Watershed  drainage  area 

Design  flood  frequency  (when  combined  with 
system  of  seven  headwaters  reservoirs  planned 
by  the  Soil  Conservation  Service) 

Design  flows 

Silver  Lake  Dam  to  Silver  Creek 
Silver  Creek  to  Bear  Creek 
Upstream  of  Bear  Creek 


304  square  miles 
0.5  percent 


22,000  cfs 
21,500  cfs 
16,800  cfs 


Principal  Items  of  Work 
Channel  improvement 
Earth  lined 

Riprap  and  gabion  lined 
Concrete  lined 
Dredged 

Drop  structures 
New  levees 

Primary  levees 
Tleback  levees 
Dam  modifications 
Relocations 

Bridge  modifications 
Bridge  replacements 
Utility  crossings 
Bicycle  and  hiking  trails 


0.5  mile 
6.1  miles 
0.9  mile 
0.5  mile 
6 

1.9  miles 
0.5  mile 
1 

15 

6 

12 

6  miles 


Economics 

Federal  first  cost 
Non-Federal  first  cost 
Total  first  cost 
Average  annual  operation  and 
maintenance  cost 
Total  average  annual  cost 
Average  annual  benefits 
Benefit-cost  ratio 


$50,700,000 

17,100,000 

67,800,000 

163,500 

5,723,000 

7,886,000 

1.4 


TABLE  OF  CONTENTS 

Item  Page 

SCOPE  AND  LOCATION  1 

PROJECT  PLAN  -  GENERAL  1 

DEPARTURES  FROM  THE  APPROVED  GDM  1 

HYDROLOGY  AND  HYDRAULICS  2 

GEOLOGY  2 

DESCRIPTION  OF  PROPOSED  STRUCTURES  AND  IMPROVEMENTS  2 

CHANNELS  2 

BRIDGES  3 

SILVER  LAKE  DAM  3 

FLOODWALLS  3 

BICYCLE  PATH  AND  UNDERPASSES  3 

POWER  PLANT  INTAKE  AND  OUTLET  3 

SANITARY  SEWERS  AND  STORM  SEWERS  4 

ENVIRONMENTAL  ANALYSIS  4 

ENVIRONMENTAL  SETTING  4 

ENVIRONMENTAL  IMPACTS  4 

CULTURAL  RESOURCES  5 

RECREATION,  LANDSCAPE  DEVELOPMENT,  AND  AESTHETIC  5 

CONSIDERATIONS 

SOURCES  OF  CONSTRUCTION  MATERIALS  6 

RIPRAP,  BEDDING,  AND  FILL  FOR  GABION  BASKETS  6 

CONCRETE  AGGREGATE  6 

ROCKFILL  6 

REAL  ESTATE  REQUIREMENTS  6 

RELOCATIONS  6 

UTILITIES  6 

ROADS  AND  BRIDGES  6 

COORDINATION  7 

COST  ESTIMATE  7 

CURRENT  BENEFIT-COST  ANALYSIS  10 

SCHEDULE  FOR  DESIGN  AND  CONSTRUCTION  10 

DESIGN  10 

CONSTRUCTION  11 


TABLE  OF  CONTENTS  (CONT) 


Item 

FUNDING  SCHEDULE 
OPERATION  AND  MAINTENANCE 
RECOMMENDATION 

TABLES 

Number  Title 

1  Summary  comparison  of  estimated  first  costs 

2  Benefit-cost  ratio 

PLATES 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 


General  plan  and  drawing  schedule 
Right-of-way  (station  126+00  to  136+00) 
Right-of-way  (station  136+00  to  148+00) 
Right-of-way  (station  148+00  to  160+00) 
Right-of-way  (station  160+00  to  171+00) 
Right-of-way  (station  171+00  to  183+50) 
Right-of-way  (station  183+50  to  194+00) 
Right-of-way  (station  194+00  to  205+67) 
Right-of-way  (station  0+00  to  6+55) 
Right-of-way  data  sets 
Right-of-way  data  sets 

Typical  section  (station  126+90  to  168+40) 
Typical  section  (station  166+00  to  182+160) 
Typical  section  (station  186+20  to  198+60) 
Typical  section  (station  198+60  to  203+40 
and  station  1+95  to  6+15) 

Plan  and  profile  (station  126+00  to  136+00) 

Plan  and  profile  (station  136+00  to  148+00) 

Plan  and  profile  (station  148+00  to  160+00) 

Plan  and  profile  (station  160+00  to  171+50) 

Plan  and  profile  (station  171+50  to  183+50) 

Plan  and  profile  (station  183+50  to  194+00) 

Plan  and  profile  (station  194+00  to  205+67) 

Plan  and  profile  (station  0+00  to  6+55) 
Silver  Lake  Dam  plan  and  upstream  elevation 
Silver  Lake  Dam  ogee  sections 
Silver  Lake  Dam  right  abutment  plan 
Silver  Lake  Dam  right  abutment  sections 
Silver  Lake  Dam  pier  3  plan 
Silver  Lake  Dam  pier  3  sections 
Silver  Lake  Dam  access  bridge  and  details 
Silver  Lake  Dam  mechanical  plan  and  sections 
Silver  Lake  Dam  mechanical  plan  and  sections 
Silver  Lake  Dam  mechanical 


Page 

11 

11 

11 

8 

10 


ii 


TABLE  OF  CONTENTS  (CONT) 
PLATES  (CONT) 


Silver  Lake  Dam 
Silver  Lake  Dam 
Silver  Lake  Dam 

Broadvay  Street  bridge  scour  protection 
Seventh  Street  bridge  scour  protection 
Dakota,  Minnesota  &  Eastern  Railroad  bridge 
6cour  protection 

Center  Street  bridge  scour  protection 
Left  and  right  bank  floodvall  (station  126+00 
to  126+58  and  station  125+73  to  126+58) 

Right  bank  floodvall  (station  169+40  to  174+79) 
Left  bank  floodvall  (station  172+40  to  186+25) 
Details 

Bicycle  path  underpass.  Center  Street  bridge 


APPENDIXES 


Hydraulic  Design 
Geotechnical  Design 
Structural  Analysis  and  Design 
Detailed  Cost  Estimate 
Constructibility 

Recreation,  Landscape  Development, 
and  Aesthetic  Considerations 
Correspondence 


FLOOD  CONTROL 
SOUTH  FORK  ZUMBRO  RIVER  AT 
ROCHESTER,  MINNESOTA 


DESIGN  MEMORANDUM  NO.  2 
STAGE  IB 

SCOPE  AND  LOCATION 

1.  The  local  flood  protection  project  at  Rochester,  Minnesota,  Is  divided 
Into  five  stages  of  construction  (see  plate  2).  This  DM  (design  memorandum) 
presents  the  design  and  discussion  of  planning  for  Stage  IB,  which  consists  of 
channel  modifications  to  the  South  Fork  Zumbro  River  and  a  portion  of  Bear 
Creek  and  modifications  to  Silver  Lake  Dam.  The  work  includes  the  dam 
modifications,  scour  protection  at  six  bridges,  approximately  8,507  feet  of 
channel  modifications,  replacement  of  an  existing  storm  sewer,  construction  of 
headwalls  for  existing  storm  sewer  outlets,  and  construction  of  approximately 
1  mile  of  bicycle  trail. 


PROJECT  PLAN  -  GENERAL 

2.  The  five  construction  stages  (as  discussed  in  the  GDM  (general  design 
memorandum)),  are  as  follows:  three  stages  on  the  South  Fork  Zumbro  River  and 
one  stage  each  on  Cascade  and  Bear  Creeks.  Also  included  are  recreational 
facilities  (trails  and  bridges),  an  environmental  mitigation  plan,  and 
aesthetic  considerations. 


DEPARTURES  FROM  APPROVED  GDM 

3.  The  design  presented  here  essentially  conforms  to  that  shown  in  the  GDM. 
Changes  since  the  completion  of  the  GDM  are  as  follows: 

a.  The  sheet-pile  tie-back  wall  on  the  right  channel  bank  between  the 
railroad  bridge  (station  174+43)  and  Center  Street  (station  185+00)  has  been 
changed  to  riprap  shore  protection. 

b.  Bicycle  underpasses  have  been  added  at  Seventh  Street  N.E.,  Center 
Street,  and  Third  Avenue  S.E. 

c.  Minor  changes  have  been  made  to  the  alignment  of  the  channel  through 
Silver  Lake  in  two  locations,  and  the  channel  bottom  has  been  narrowed. 

d.  From  Silver  Lake  to  Seventh  Street  (stations  151+-30  to  156+70),  the 
channel  bottom  width  has  been  increased  from  175  feet  to  225  feet. 

e.  The  channel  bottom  has  been  lowered  and  narrowed  from  Seventh  Street 
to  the  power  plant  dam  (stations  157+35  to  169+60). 


f.  From  stations  169+40  to  174+79,  shore  protection  has  been  changed 
from  sheet  pile  and  riprap  to  a  floodwall. 

g.  The  channel  alignment  for  the  downstream  end  of  Bear  Creek  has  been 
changed  to  more  closely  follow  the  existing  channel  alignment. 

In  addition  to  the  changes  made  in  this  feature  DM,  recreational  and  aesthetic 
features  will  be  added  at  the  request  of  the  city  of  Rochester. 

HYDROLOGY  AND  HYDRAULICS 

4.  DM  No.  1,  General,  Phase  I,  Plan  Formulation  includes  hydrologic  data  for 
the  South  Fork  Zumbro  River  at  Rochester.  An  updated  discharge-frequency 
curve  and  data  for  the  1978  flood  of  record  are  in  that  report.  Appendix  A 
of  this  DM  presents  the  final  hydraulic  design  for  Silver  Lake  Dam  and  the 
channel  modifications.  It  includes  descriptions  of  a  sediment  transport 
analysis  and  a  cost-effectiveness  analysis.  An  operating  plan  for  Silver  Lake 
Dam  and  a  explanation  of  maintenance  requirements  for  the  channel  are  also  in 
appendix  A. 


GEOLOGY 

5.  A  description  of  the  geology  for  the  project  area  is  in  the  GDM  and  in 
appendix  B  of  this  report.  Appendix  B  also  discusses  geotechnical  testing  of 
soils,  subsurface  conditions,  slope  stability  analyses,  soil  parameters  for 
engineering  computations,  and  soil  characteristics  that  will  affect 
construction. 

DESCRIPTION  OF  PROPOSED  STRUCTURES  AND  IMPROVEMENTS 


CHANNELS 

6.  Channel  improvements  on  the  South  Fork  Zumbro  River  will  extend  from  the 
North  Broadway  Street  bridge  upstream  8,007  feet  to  the  Third  Avenue  S.E. 
bridge.  Through  Silver  Lake,  the  channel  will  be  dredged  1  foot  to  5  feet 
below  its  present  elevation.  The  excavated  channel  will  have  a  bottom  width 
of  175  feet.  From  Silver  Lake  to  Btation  168+70,  the  channel  will  have  a 
bottom  width  of  170  to  225  feet  and  riprapped  side  slopes  of  IV  (vertical)  on 
3H  (horizontal).  At  station  168+70,  the  slope  protection  will  change  to  sheet 
pile  tie-back  walls  and  concrete  retaining  walls.  The  sheet-pile  walls  and 
concrete  slope  protection  will  extend  to  station  186+70,  except  from  stations 
175+50  to  185+00  where  the  right  channel  bank  will  be  protected  with  riprap 
at  IV  on  2  1/2  H  side  slopes.  From  station  186+70  to  204+00,  the  channel 
slope  will  be  protected  with  bedding,  riprap,  and  rockfill. 

7.  The  channel  will  also  be  modified  on  the  lower  650  feet  of  Bear  Creek 
downstream  of  the  Fourth  Street  bridge.  From  the  mouth  of  the  creek  to 
station  5+10,  the  channel  will  be  lined  with  riprap  and  will  have  an  80-foot 
bottom  width  and  IV  on  3H  side  slopes. 
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BRIDGES 


8.  Six  bridges  will  be  modified  as  part  of  this  feature.  Scour  protection 
will  be  provided  at  the  North  Broadways  Seventh  Street  N.E.;  Dakota,  Minnesota 
&  Eastern  Railroad;  Center  Street;  Third  Avenue  S.E.;  and  Fourth  Avenue  S.E. 
bridges.  Concrete  scour  protection  and  gabion  protection  for  the  abutments 
and  piers  will  be  constructed  at  the  North  Broadway  bridge.  Wingwall 
extensions,  concrete  scour  protection,  and  riprap  will  be  added  under  the 
Seventh  Street  N.E.  bridge.  Concrete  scour  protection  will  be  constructed, 
and  bedding  and  gabions  will  be  placed  under  the  Dakota,  Minnesota  &  Eastern 
Railroad  bridge.  Existing  stone  walls  on  the  right  bank  both  upstream  and 
downstream  of  the  Center  Street  bridge  will  be  removed  and  replaced  with 
concrete  wingwall  extensions.  Concrete  slope  protection  and  gabion  placement 
will  also  be  used  under  the  Center  Street  bridge.  Bedding  and  riprap  will  be 
placed  at  the  Third  Avenue  S.E.  bridge,  and  bedding  and  gabions  will  be  placed 
at  the  Fourth  Avenue  S.E.  bridge. 

SILVER  LAKE  DAM 

9.  Modifications  to  the  Silver  Lake  Dam  are  required  for  hydraulic  and 
structural  design  considerations.  These  modifications  include  partial  removal 
of  the  spillway  and  replacement  with  a  movable  hinged  leaf  gate, 
rehabilitation  of  the  existing  tainter  gates  and  bays,  upstream  apron  and 
concrete  repairs,  relocation  of  the  equipment  house  and  construction  of  a  new 
access  bridge,  and  rehabilitation  of  the  stilling  basin.  Additional  details 
can  be  found  in  Appendix  A,  Hydraulic  Design;  Appendix  B,  Geotechnical  Design; 
and  Appendix  C,  Structural  Analysis  and  Design.  Appendix  A  also  contains  an 
operating  plan  and  a  description  of  maintenance  requirements  for  the  dam. 

FLOODWALLS 

10.  Reinforced  concrete  retaining  walls  will  be  constructed  on  the  right 
channel  bank  between  stations  169+40  and  174+79  and  on  the  left  bank  between 
stations  202+90  and  204+95.  Sheet-pile  floodwalls  will  be  constructed  on  the 
left  bank  from  stations  172+37  to  182+60  and  from  stations  184+75  to  186+25. 
Existing  stone  walls  located  intermittently  between  stations  125+70  and  193+45 
will  be  removed.  Existing  concrete  walls  on  the  left  bank  between  stations 
126+30  to  126+80  and  203+50  to  204+95  and  wood  walls  on  the  left  bank  between 
stations  174+05  and  176+30  will  also  be  removed. 

BICYCLE  PATH  AND  UNDERPASSES 

11.  A  bicycle  path  will  be  constructed  on  the  right  bank  of  the  Zumbro  River 
from  Seventh  Street  N.E.  to  Third  Avenue  S.E.  and  Fourth  Street  S.E.  (total 
length  is  approximately  1  mile).  Bicycle  path  underpasses  and  approaches  will 
be  constructed  at  Seventh  Street  N.E.,  Center  Street,  and  Third  Avenue  S.E. 

POWER  PLANT  INTAKE  AND  OUTLET 

12.  The  power  plant  dam  (dam  Z-2)  at  station  170+00  will  be  removed.  A  log 
skimmer  will  be  constructed  in  front  of  the  power  plant  Intake  on  the  left 
bank  near  station  169+50.  A  gate  well  (gate  well  A)  will  be  installed  as  a 
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modification  to  the  power  plant  outlet.  A  48-inch  RCP  (reinforced  concrete 
pipe)  and  a  bulkhead  will  be  removed  at  the  diffuaer  box  (station  159+90). 

SANITARY  SEWERS  AND  STORM  SEWERS 

13.  Approximately  2,800  feet  of  15-inch  sanitary  sewer  will  be  constructed 
along  the  right  bank  of  the  South  Fork  Zumbro  River  from  Seventh  Street  N.E. 
to  Center  Street;  the  existing  sanitary  sewer  will  be  removed  or  abandoned. 
The  existing  8-inch  and  10-inch  siphons  at  station  156+33  will  be  replaced 
with  twin  10-inch  siphons. 

ENVIRONMENTAL  ANALYSIS 


ENVIRONMENTAL  SETTING 

14.  Land  use  in  this  reach  of  the  South  Fork  Zumbro  River  is  a  mix  of 
residential,  light  industrial,  and  commercial  development.  Some  riverfront 
park  areas  are  present.  Woodlands  are  characteristic  of  an  urban  environment; 
they  are  highly  disturbed  with  little  understory  and  limited  to  one  to  two 
trees  in  width.  The  park  areas  are  thinly  to  moderately  wooded  with  well 
maintained  lawns.  Tree  species  present  include  American  elm  (Ulmus 
americana),  box  elder  (Acer  negundo),  sugar  maple  (Acer saccharum),  basswood 
(Tllia  americana),  green  ash  (Fraxinus  pennsylvanica) ,  cottonwood  (Populus 
deltoides),  and  black  willow  (Salix  nigra). 

15.  Silver  Lake  supports  a  fairly  good  sport  fish  population.  Common  species 
include  bass,  crappie,  sunflsh,  perch,  bullhead,  and  channel  catfish.  Overall, 
population  growth  in  the  lake  is  considered  poor  when  compared  with  natural 
Minnesota  lakes  because  of  heavy  siltatlon  and  the  high  nutrient  load. 
However,  the  lake  is  an  important  recreation  resource  and  receives  heavy 
fishing  use  because  of  its  urban  location. 

16.  Silver  Lake  is  an  important  wintering  area  for  thousands  of  Canada  geese 
because  of  the  year-round  open  water  provided  by  the  thermal  discharge  from 
the  power  plant.  In  mid-winter,  the  goose  population  averages  15,000;  peak 
populations  are  30,000.  Most  of  the  geese  migrate  north  around  the  end  of 
March  or  the  beginning  of  April.  A  resident  population  of  about  200  remains 
and  nests  locally. 

ENVIRONMENTAL  IMPACTS 

17.  Construction  of  the  proposed  features  will  cause  the  loss  of  streambank 
vegetation.  Mitigation  will  be  provided  with  the  acquisition  and  development 
of  lands  adjacent  to  the  Keller  Wildlife  Management  Area  just  southwest  of 
Rochester.  Development  on  the  acquired  lands  will  include  plantings  and 
trails.  The  mitigation  feature  will  be  designed  in  conjunction  with  the  design 
work  for  reach  2A. 

18.  Channel  construction  will  cause  the  loss  of  instream  habitat.  Mitigation 
features  include  construction  of  a  low-flow  channel  in  other  reaches  and 
placement  of  large  riprap  along  the  low-flow  channel  to  provide  instrearo 
habitat.  The  low-flow  channel  will  be  allowed  to  stabilize  before  the  large 
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riprap  is  placed.  It  will  take  3  to  5  yearB  for  the  channel  to  stabilize. 
More  detailed  information  concerning  aquatic  mitigation  features  will  be 
presented  in  DM's  for  the  reaches  where  low- flow  channel  work  is  proposed. 

19.  Project  constructibility  (appendix  E)  identifies  the  need  to  dewater 
Silver  Lake  to  excavate  the  channel  bedrock  upstream  of  the  reservoir.  The 
need  to  draw  down  Silver  Lake  was  not  identified  in  previous  planning  or 
design  studies,  because  the  extent  of  bedrock  was  not  known  at  that  time. 
Drawdown  of  Silver  Lake  would  result  in  the  loss  of  the  existing  fishery 
population.  The  Minnesota  Department  of  Natural  Resources  has  indicated  that 
its  opinion  (see  letter  in  appendix  G)  is  that  the  drawdown  of  Silver  Lake 
would  require  mitigation,  most  likely  in  the  form  of  restocking  the  lake  and  3 
to  5  years  of  monitoring  the  population  after  stocking  to  ensure  successful 
reestablishment.  An  appropriate  environmental  document  will  be  prepared  after 
further  evaluation  of  the  significance  of  this  Impact. 

20.  The  overwintering  concentration  of  Canada  geese  on  Silver  Lake  is 
regionally  significant.  Silver  Lake's  importance  increases  as  open  water 
areas  near  Rochester  begin  to  freeze.  By  mid-November,  Silver  Lake  is  the 
only  open  body  of  water  in  the  area.  To  minimize  disturbance  to  overwintering 
geese,  any  dewatering  will  be  completed  by  late  October  and  the  lake  will  be 
allowed  to  refill  by  1  November.  Dam  modifications  will  be  done  during  the 
winter.  Construction  at  the  damsite  will  not  appreciably  affect  the  use  of  the 
lake  by  the  geese. 

21.  Chemical  analysis  of  soil  borings  taken  on  the  left  bank  at  about  station 
175  Indicate  the  possibility  that  some  soils  in  that  reach  may  be  contaminated 
with  hazardous  waste,  specifically  creosote.  Special  handling  procedures  will 
be  required  during  excavation  of  soils  at  this  site.  The  extent  of 
contamination  and  handling  requirements  for  excavated  material  will  be 
determined  through  coordination  with  the  Minnesota  Pollution  Control  Agency. 

CULTURAL  RESOURCES 

22.  In  accordance  with  Section  106  of  the  National  Historic  Preservation  Act 
of  1966,  as  amended,  the  National  Register  of  Historic  Places  was  consulted. 
As  of  January  1987,  no  properties  on  the  list  or  eligible  for  the  list  will  be 
affected  by  the  project  in  reach  IB.  No  sites  identified  during  the  cultural 
resource  surveys  are  within  reach  IB.  Therefore,  no  further  archeological 
work  is  needed  in  this  part  of  the  project  area. 

RECREATION,  LANDSCAPE  DEVELOPMENT,  AND  AESTHETIC  CONSIDERATIONS 

23.  Approximately  1  mile  of  bicycle  trail  will  be  constructed  as  part  of  this 
feature.  A  landscape  development  plan  has  not  been  completed  yet;  one  will  be 
developed  before  plans  and  specifications  are  prepared.  Details  on 
recreation,  landscape  development,  and  aesthetic  considerations  are  in 
appendix  F. 
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24.  In  its  23  January  1987  letter,  the  city  of  Rochester  expressed  concern 
about  aesthetics  and  landscape  development.  A  copy  of  this  letter  is  in 
appendix  G. 

SOURCES  OF  CONSTRUCTION  MATERIALS 
RIPRAP,  BEDDING,  AND  FILL  FOR  GABION  BASKETS 

25.  Riprap,  bedding,  and  fill  for  gabion  baskets  of  adequate  quality  can  be 
obtained  from  two  quarries  in  the  Shakopee  and  Oneota  formations  within  15 
miles  of  Rochester. 

CONCRETE  AGGREGATE 

26.  Concrete  aggregate  of  adequate  quality  can  be  obtained  from  two  quarries 
in  the  Shakopee  and  Oneota  formations  within  15  miles  of  Rochester. 

ROCKFILL 

27.  Rockf ill  of  adequate  quality  can  be  obtained  from  two  quarries  in  the 
Shakopee  and  Oneota  formations  within  15  miles  of  Rochester. 

REAL  ESTATE  REQUIREMENTS 

28.  Rochester  will  be  required  to  provide,  without  cost  to  the  United  States, 
all  lands,  easements,  and  permanent  and  temporary  rights-of-way  for 
construction  and  subsequent  maintenance  of  the  channel,  dam,  sanitary  sewer, 
and  bicycle  paths.  Local  interests  will  also  be  required  to  provide  the 
rights-of-way  for  suitable  borrow  areas  (including  the  right  to  remove 
material)  and  areas  for  the  disposal  of  all  unsuitable  materials.  Rochester 
will  comply  with  the  provisions  of  the  Uniform  Relocation  Assistance  and  Real 
Property  Acquisitions  Policy  Act  of  1970  (Public  Law  91-646),  including 
appraisals;  relocation  payments;  and,  for  partial  takings,  a  determination  as 
to  whether  the  remaining  parcel  constitutes  an  uneconomic  remnant. 

29.  The  city  will  remove  an  existing  building  at  Second  Street  N.E.  (station 
177+50). 


RELOCATIONS 


UTILITIES 

30.  Local  interests  will  make  all  necessary  relocations  of  utilities  in  the 
project  area.  The  utilities,  which  include  electric  power,  telephone,  gas, 
sanitary  and  storm  sewer,  and  water  lines,  are  scattered  along  the  project 
alignment. 

ROADS  AND  BRIDGES 

31.  No  new  bridges  or  road  raises  are  required  as  part  of  Stage  IB. 
Rochester  is  planning  to  replace  the  existing  Third  Avenue  bridge,  at  the 
upstream  limits  of  the  reach,  as  recommended  in  the  GDM. 
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COORDINATION 


32.  During  the  development  of  this  DM,  considerable  coordination  was  required 
with  the  city  and  adjacent  landowners.  As  previously  stated  in  this  report, 
the  city's  concerns  regarding  aesthetic  issues  will  be  resolved  during  the 
preparation  of  the  contract  plans  and  specifications  and  acquisition  of 
necessary  rights-of-way.  The  city's  18  October  1985  letter  of  intent  indicated 
the  city's  support  for  the  project  and  its  intention  to  provide  25  percent  of 
the  total  project  costs  (excluding  recreation).  A  draft  LCA  (local 
cooperation  agreement)  will  be  submitted  to  the  Assistant  Secretary  of  the 
Army  (Civil  Works)  in  February  1987.  Copies  of  pertinent  correspondence  are 
in  appendix  G. 


COST  ESTIMATE 

33.  The  estimate  of  costs  in  this  feature  DM  is  based  on  October  1986  price 
levels  and  reflects  recent  prices  for  similar  work  in  the  St.  Paul  District. 
The  following  table  presents  a  cost  estimate  for  Rochester  Phase  IB.  Also 
shown  is  an  estimate  of  the  local  share  of  costs.  The  cost  sharing  is  based 
on  25  percent  of  total  costs  in  accordance  with  the  1986  Water  Resources 
Development  Act  (Public  Law  99-662).  A  detailed  estimate  of  Rochester  Phase  IB 
costs  is  included  in  appendix  D. 
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Table  1  -  Summary  comparison  of  estimated  first  costs 


Estimate  from  1982 

GDM  (adjusted  to 

Revised  estimate 

Item 

Oct  86  price  levels) 

(Dec  86  price  levels) 

First  cost 
Construction  cost 


Channels 

$8,118,000 

$7,718,000 

Relocations  (Federal) 

386,000 

1,491,000 

Recreation 

124,000 

355,000 

Engineering  and  design 

899,000 

1,126,000 

Supervision  and  administration 

732,000 

771,000 

Inspection 

(385,000) 

(422,000) 

Overhead 

(347,000) 

(349,000) 

Lands  and  damages 

902,000 

403,000 

Relocations  (non-Federal) 

Utilities 

14,000 

342,000 

Roads  and  bridges 

754,000 

0 

Channel 

0 

2,000 

Total  first  cost 

11,929,000 

12,208,000 

Federal/non-Federal  breakdown  (1) 

Federal  first  cost 

Flood  control 

8,893,000 

Recreation 

178,000 

Total 

9,071,000 

Non-Federal  first  cost 

Flood  control 

2,960,000 

Lands  and  damages 

(403,000) 

Relocations 

(344,000) 

Cash  contribution 

(2,213,000) 

Recreation 

177,000 

Total 

3,137,000 

(1)  In  accordance  with  the  1986  Water  Resource  Development  Act. 

The  difference  in  project  first  costs  (an  increase  of  $279,000),  not  Including 
cash  contributions  between  this  design  memorandum  cost  estimate  ($12,208,000) 
and  the  estimate  from  the  GDM  dated  September  1982  ($11,929,000)  is 
attributable  to  the  following: 

a.  Channels 

(1)  Increase,  refined  design  of  sheet  pile 
and  concrete  floodwalls,  recomputed  quantities 
for  sheet  pile,  including  dewatering  costs 

(2)  Decrease,  refined  design  of  channel  exca¬ 
vation,  dredging,  slope  protection,  re¬ 
movals,  etc. 


-$400,000 

(+1,949,000) 

(-  872,000)  A 
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(3)  Increase,  Silver  Lake  Dam-baaed  on  1985 
analysis,  and  including  dewatering  costs 

(4)  Decrease,  gabion  protection  included  in 
relocations  in  this  design  memorandum 
estimate 

(5)  Increase,  restoration  of  railroad  and 
wood  bridges  not  identified  in  GDM 

(6)  Decrease,  refined  design  of  outlet  modi¬ 
fications 

(7)  Increase,  additional  drainage  facilities 
required  as  a  result  of  refined  floodwall 
design 

(8)  Decrease,  dewatering  costs  not  included  as 
separable  item  in  this  design  memorandum 
estimate 

(9)  Decrease,  landscaping  not  included  as  separ¬ 
able  item  in  this  design  memorandum  estimate 

(10)  Decrease  -  winter  shelters  included  as  incid¬ 
ental  to  Silver  Lake  Dam  modifications 

b.  Relocations  (Federal) :  Increase,  three  bridges 
added  to  reach,  more  extensive  scour  protection 
as  a  result  of  refined  design  dewatering  costs 
being  added 

c.  Recreations  Increase,  addition  of  bicycle  path 
underpasses 

d.  Engineering  and  design:  Increase,  direct  pro¬ 
portion  of  estimated  construction  costs 

e.  Supervision  and  administration:  Same  as  (d) 

f.  Lands  and  damages:  Decrease,  resulting  from 
reevaluation  of  required  real  estate  based  on 
refined  design 

g.  Relocations  (non-Federal) 

(1)  Utilities  -  Increase,  refined  design  in¬ 
cluded  more  utilities,  including  sanitary  sewer 
from  Center  Street  to  Seventh  Street 

(2)  Roads  and  bridges:  Decrease,  Third  Avenue  S.E. 
bridge  removal  not  included  in  FDM 


(+ 

311,000) 

(- 

357,000) 

(+ 

109,000) 

(- 

553,000) 

(+ 

5,000) 

(- 

540,000) 

(- 

188,000) 

(- 

264,000) 

+1 

,105,000 

+ 

231,000 

•f 

227,000 

+ 

39,000 

- 

499,000 

- 

424,000 

(+ 

328,000) 

(- 

754,000) 
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(3)  Channels  Increase,  building  removal  required 
by  refined  design 


(+  2,000) 


CURRENT  BENEFIT-COST  ANALYSIS 

34.  The  benefit  cost-ratio  for  the  project  at  October  1986  price  levels,  an 
Interest  rate  of  8  5/8  percent,  and  cost  sharing  as  defined  by  the  1986  Water 
Resources  Development  Act  is  in  the  following  table. 


Table  2  -  Benefit-cost  ratio 


Item 

Amount 

Federal 

First  cost 

$46,600,000 

Interest  during  construction 

1,968,000 

Total 

48,568,000 

Non-Federal 

First  cost 

Cash  contribution 

6,610,000 

Other  costs 

8,890,000 

Interest  during  construction 

375,000 

Total 

15,875,000 

Annual  charges 

Federal 

Interest 

4,189,000 

Amortization 

1,000 

Non-Federal 

Interest 

1,369,200 

Amortization 

300 

Maintenance  and  operation 

163,500 

Total 

5,723,000 

Average  annual  benefits 

Flood  control 

7,730,000 

Recreation 

156,000 

Total 

7,886,000 

Benefit-cost  ratio 

1.4 

SCHEDULE  FOR  DESIGN  AND  CONSTRUCTION 


DESIGN 

35.  Plans  and  specifications  for  Stage  IB  are  scheduled  for  completion  in  the 
first  quarter  of  fiscal  year  1988. 
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CONSTRUCTION 


36.  A  continuing  contract  for  Stage  IB  construction  is  scheduled  to  be 
advertised  in  June  1988.  Construction  should  start  in  August  1988  and  continue 
for  about  29  months. 


FUNDING  SCHEDULE 

37.  On  the  basis  of  the  revised  estimate  for  this  DM  and  the  current  schedule 
for  completion  of  the  project,  the  Federal  funds  required  (by  fiscal  year)  are 
as  follows: 


Funds  allocated  to  date  (30  September  1986)  $3,119,000 

Fiscal  year  1987  678,000 

1988  3,000,000 

1989  6,800,000 

1990  16,800,000 

1991  15,000,000 

1992  5,303,000 


OPERATION  AND  MAINTENANCE 

38.  Local  interests  will  be  responsible  for  the  O&M  (operation  and 
maintenance)  of  the  project.  O&M  will  consist  of  periodic  inspection  of  the 
channel,  structures,  and  dm  and  periodic  dredging  of  the  channel.  O&M 
instructions  for  Silver  Lake  Dam  are  in  appendix  A.  Additional  instructions 
will  be  provided  to  appropriate  local  officials  for  the  remainder  of  the 
project  upon  completion.  These  procedures  will  ensure  proper  O&M  of  this 
stage  until  completion  of  the  project. 

RECOMMENDATION 

39.  I  recommend  approval  of  the  plan  for  Stage  IB,  South  Fork  Zumbro  River  at 
Rochester,  Minnesota,  flood  control  project  as  presented  in  this  feature  DM. 


Joseph  Briggs 

Colonel,  Corps  of  Engineers 
District  Engineer 
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DRAWING 


DRAWING  NO. 


RIGHT-OF-WAY  STA.  126  +  00  TO  STA .  136+00 


RIGHT-OF-WAY  STA.  136+ 00  TO  STA.  146+00 


RIGHT  -  OF  -  WAY  STA.  171  +50  TO  STA.  183+50 


RIGHT  -OF  -WAY  STA.  183+50  TO  STA.  194  +  00 


RIGHT  -OF  -  WAT  STA.  194  +  00  TO  STA.  205+67 


RIGHT -OF -WAY  STA.  0  +  00  TO  STA.  6+55 


_  SECTION  STA.  126+90  TO  STA  I6B+40 


L  SECTION  STA.  168+40  TO  STA.  182+60 


L  SECTION  STA.  186+20  TO  STA  198+60 


L  SECTION  STA  198+60  TO  STA.  203+40  ft  STA.  1+95  TO  STA.  6+15 


PROFILE  STA.  126+  00  TO  STA.  136  +  00 


PROFILE  STA.  136+00  TO  STA  148  +  00 


PROFILE  STA.  148+00  TO  STA.  160+00 


PROFILE  STA.  160+00  TO  STA.  171  +  50 


PROFILE  STA  171  +  50  TO  STA.  183+50 _ 

.  PROFILE  STA.  183+ 50  TO  STA.  194  +  00 


'  PROFILE  STA.  194  +  00  TO  STA,  205  +  67 _ 

PROFILE  STA.  0+00  TO  STA.  6  +  55 


SCHEDULE 


DRAWING  NO. 


SILVER  LAKE  DAM  ACCESS  BRIDGE  8  DETAILS 


SILVER  LAKE  DAM  MECHANICAL  PLAN  3  SECTIONS 


SILVER  LAKE  DAM  MECHANICAL  PLAN  8  SECTIONS 


SILVER  LAKE  DAM  MECHANICAL 


SILVER  LAKE  OAM 


SILVER  LAKE  DAM 


BROADWAY  ST.  BRIDGE  SCOUR  PROTECTION 


SEVENTH  STREET  BRIDGE  SCOUR  PROTECTION 


DAKOTA  ,  MINNESOTA  8  EASTERN  R.R.  BRIDGE  SCOUR  PROTECTION 


CENTER  STREET  BRIDGE  SCOUR  PROTECTION 


LT.  BANK  8  RT.  BANK  FLOOOWALL  STA.  126+23  TO  STA.  126  +  58 
8  STA.  125+73  TO  St  A.  126+58 


RIGHT  BANK  FLOOOWALL  STA.  169+40  TO  STA.  174  +  79 


LEFT  BANK  FLOODWALL  STA.  172  +40  TO  STA.  186+25 


DETAILS 


SILVER  LAKE  DAM  ACCESS  BRIDGE  a  DETAILS 


SILVER  LAKE  DAM  MECHANICAL  PLAN  ft  SECTIONS 


5ILVER  LAKE  DAM  MECHANICAL  PLAN  3  SECTIONS 


SILVER  LAKE  DAM  y,  _ _ _ _ 

BROADWAY  ST.  BRIDGE' SCOUR  PROTECTION _ 

SEVENTH  STREET  BBIggE  SCOUR  PROTECTION 
DAKOTA  ,  MINNESOTA '  ASTERN  R.R.  BRIDGE  SCOUR  PROTECTION 
■SCOUR  PROTECTION 
LT.  BANK  8  RT.  BANK  F.LpODWALL  STA.  126  +  23  TO  STA.  126  +  58 

6  ST  A.  125  +  73  TO  STA;-|g6  +  58 _ 

RIGHT  BANK  FLOOOWALUp  STA  169+40  TO  STA.  174+79 _ 

STA.  172  +  40  TO  STA  186+25 _ 
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DESIGN  MEMORANDUM  NO.  2  FEATURE 

flood  control  south  rdrk  zumbro  river 
ROCHESTER ,  MINNESOTA' 

STAGE  IB. 

RIGHT-  OF-WAY 

STA.  194*00  TO  STA.  205*67 


DECEMBER  1986 


PLATE  8 


RIGHT-OF-WAY 

DATA  SET  I  PERMANENT  ROW 

BEARING 


NOTES  POINT  NO.  N-COORDINATE  E- COORDINATE  DISTANCE 


DEGREES  MINUTES  SECONDS 


IP 

381774.000 

2404297.000 

2P 

381730000 

2404285000 

3P 

381493000 

2404275000 

4P 

381462000 

2404339000 

5P 

381505000 

2404386000 

6P 

381584000 

2404471.000 

7P 

380869000 

2405328000 

BP 

380755000 

2405446000 

9P 

380498000 

2405637000 

10P 

38O39L0O0 

2405696000 

UP 

380279000 

2405737000 

I2P 

380160000 

2405756000 

I3P 

380014000 

2405754000 

I4P 

379942000 

2405709000 

ISP 

379649000 

2405658000 

16  P 

379584000 

2405560000 

17  PT 

379590000' 

2405551000 

I8P 

379677000 

2405436000 

I9P 

379697000 

2405337000 

20P 

379681000 

2405234000 

2IP 

379653000 

2405242000 

22P 

379667000 

2405335000 

23  P 

379645000 

2405426000 

24PT 

379589000 

2405502000 

25P 

379556000 

2405543000 

26  PT 

379512000 

2405525000 

27  PT 

379422000 

2405487000 

2BP 

379330000 

2405455000 

29PT 

379329000 

2405373000 

30  Pv 

379329000 

2405353000 

31 P 

379299000 

2405361000 

32  PT 

379296000 

2405375000 

33P 

379298000 

2405445000 

34P 

3TOITO000 

2405400000 

35  PT 

378959000 

2405375000 

36P 

378862000 

2405346000 

37P 

378732000 

2405294000 

38P 

378545000 

2405166000 

39P 

378475000 

2405127000 

40P 

378452000 

2405158000 

41 P 

378425000 

2405139000 

42P 

378446000 

24051 IQOOO 

43P 

378412000 

2405091000 

44P 

378335000 

2405072000 

45P 

378267000 

2405066000 

46P 

378013000 

2405071000 

47P 

377981000 

2405031000 

48  PT 

377932.000 

2405072000 

49  PT 

377833000 

2405155000 

50  P 

377693000 

2405217000 

SIP 

377422.000 

2405330000 

52P 

377353000 

2405372.000 

53PT 

377214000 

2405446000 

54P 

3772 14000 

2405464000 

55P 

377130000 

2405517000 

56  P 

377071000 

2405540000 

57P 

377072.000 

2405573000 

58P 

376964000 

2405576000 

59P 

376897000 

2405596000 

60  PT 

376850000 

2405654000 

61 P 

376795000 

2405674000 

\ 

62P 

376743000 

2405672000 

63P 

376429000 

2405956000 

64P 

376350000 

2405994.000 

65P 

376073000 

2406001000 

66P 

376012000 

2405970.000 

67P 

376006000 

2405903000 

68  P 

3761 80000 

2405506000 

69P 

376185000 

2405450000 

70P 

3762IIOOO 

2405361000 

7IP 

376216000 

2405130000 

45.607 

SI5 

15 

I8W 

237.211 

S02 

24 

58W 

71.113 

S64 

09 

TOE 

63702 

N47 

32 

4IE 

116.043 

N47 

05 

43E 

II 16098 

S50 

09 

42E 

164073 

S45 

59 

I6E 

320203 

S36 

37 

IOE 

123167 

S29 

41 

I4E 

118.596 

SI9 

ft 

56E 

120839 

SIO 

00 

29E 

146055 

SOI 

34 

•IOW 

84.906 

S32 

00 

I9W 

106066 

S20 

44 

23W 

282540 

S20 

17 

42W 

10817 

N56 

18 

36W 

144.201 

N52 

53 

30  W 

101.000 

N78 

34 

44W 

104.235 

S81 

10 

I3W 

29120. 

SIS 

56 

43E 

94048 

N6I 

26 

21 E 

93567 

S76 

41 

27E 

92.001 

S52 

52 

59E 

52.631 

S5I 

K> 

I3E 

47540 

S22 

14 

57W 

97.693 

S22 

53 

26W 

97406 

SI9 

10 

44W 

82006 

S89 

>8 

05W 

20000 

N90 

00 

OOW 

31.048 

SI4 

35 

53E 

14.036 

S85 

54 

52E 

70.000 

S90 

00 

OOE 

133680 

SI9 

22 

IIW 

212476 

S06 

45 

26W 

<00688 

SIS 

S3 

I7W 

140769 

S22 

33 

TOW 

226612 

S34 

23 

29W 

8001 

S29 

07 

27W 

38601 

S53 

25 

37E 

33015 

S35 

08 

03W 

33805 

N54 

05 

TOW 

38.949 

S29 

II 

SIW 

79.310 

SI3 

51 

40  W 

68.118 

S03 

21 

59W 

2540)8 

SOO 

40 

36E 

51225 

SSI 

20 

TOW 

63891 

S39 

55 

I3E 

129190 

S39 

56 

33E 

153.114 

S23 

53 

ME 

293.615 

S22 

38 

06E 

98.412 

S2S 

IS 

47E 

140132 

S3I 

52 

31  € 

18000 

S90 

00 

OOE 

99323 

S32 

15 

OOE 

63.325 

S2I 

17 

50E 

35014 

N88 

21 

48E 

88006 

900 

39 

04E 

89269 

SI2 

56 

47E 

74.653 

SSO 

58 

50E 

56524 

SI9 

58 

59C 

52038 

SO  2 

12 

09W, 

423382 

S42 

07 

4IE 

87664 

S2S 

41 

I7E 

277068 

sot 

26 

5IE 

68425 

S26 

56 

22W 

67268 

S84 

52 

58W 

431.626 

N66 

13 

34W 

56215 

N8S  - 

04 

22W 

92J2D 

N73 

42 

54W 

231.106 

N88 

IS 

52W 

RIGHT-OF-WAY 

DAtA  SET  2  PERMANENT  ROV 


NT  NO. 

N- COORDINATE 

E-  COORDINATE 

72P 

381967000 

2404341000 

73P 

382033000 

2404362000 

74PT 

381958.000 

2404497000 

75  P 

381916000 

2404474000 

76P 

381879000 

2404529000 

77PT 

381820000 

2404573000 

78P 

38178000 

2404601.000 

TOP 

381718000 

2404670000 

SOP 

38I66&000 

2404749000 

81 P 

381617000 

2404840000 

82P 

38*030000 

2405513000 

83P 

380895000 

2405635000 

84  P 

380586000 

2405860000 

85P 

380428000 

2405943000 

86P 

38O2J0OO 

2405990000 

87PT 

379937000 

2405998000 

88P 

379846000 

2406008000 

89P 

379729000 

2405988.000 

90  P 

379570000 

2405930000 

91 P 

379540000 

2406083000 

92PT 

379511000 

2406080000 

93P 

379541000 

2405920000 

94P 

379342000 

2405847000 

95  P 

379197000 

2405951000 

96P 

3794(3000 

2406034000 

97PT 

37941 1000 

2406066000 

96  P 

379136000 

2405960000 

99P 

379035000 

2405890000 

100  P 

379074000 

2405629000 

IOIP 

379007000 

2405726000 

K)2P 

378874000 

2405707000 

I03P 

378745.000 

2405672000 

K>4P 

378646000 

2405631000 

K)5P 

378570.000 

2405613000 

106  P  ^ 

378302000 

2405370000 

I07P 

378213000 

2405294.000 

I08P 

378)69000 

2405279000 

I09P 

378073000 

2405286000 

hop 

378013.000 

2405309000 

uip 

377896000 

2405380000 

112  PT 

377889000 

2405398000 

II3P 

.  377835000 

2405585000 

II4PT 

377776000 

2405575000 

115  PT 

377749000 

2405569000 

II6P 

377671000  . 

2405556000 

II7PT 

377815000 

2405559000 

II8P 

3TO59l0p0 

2405581000 

II9PT 

377471000 

2405629000 

ITOP 

377415000 

2405647000 

121  PT 

377419.000 

2405659000 

I22P 

377182000 

2405842000 

I23P 

377037000 

2405864.000 

I24PT 

3770(5000 

2405878000 

I25P 

376745000 

2406031.000 

126  P 

376706000 

2406058000 

I27P 

376597000 

2406(61000 

I28P 

376560000 

2406166000 

129P 

378519000 

2406217.000 

I30P 

376480000 

2406237000 

131 P 

376436.000 

2406251000 

I32P 

376317000 

2406253000 

133  PT 

376244.000 

2406272000 

I34P 

37030000 

2406274.000 

I35P 

375985000 

2406242.000 

I36P 

375784000 

2406227000 

I37PT 

375465000 

2406296000 

69.260 

154.435 

46.141 

69.814 

70.434 

46.400 

94.795 

96.835 

101.519 

893027 

181.959 

380.623 

180.247 
220077 
276.116 

91548 

118.697 

169.248 
155.913 
29.155 
162.788 
211.967 
178.441 
231.398 

32062 

294.722 

122.886 

72.402 

122874 

134.350 

133.664 

107.154 

78.103 

361.764 

117.034 

46.487 

96.255 

64857 

136858 

|95I3 

194.641 

57.871 

29.614 

73.164 

62.073 

24.083 

137.928 

58.822 

12.649 

299.430 

146660 

26.077 

310.337 

45.804 

151.427 

45804 

50220 

43.829 

46174 

119.017 

75.432 

214.009 

109.768 

141.796 

326377 


N73 


4  RIGHT-OF-WAY 
DATA  SET  2  PERMANENT  ROW 


RIGHT-OF-WAY 

DATA  SET  3  PERMANENT  ROW 


*ES  POINT  NO.  N- COORDINATE  E- COORDINATE  DISTANCE  DEGREES  MINUTES  SECONDS 


NOTES  POINT  NO.  Nf  COORDINATE  E- COORDINATE  OISTANCE  DEGREES  MINUTES  SE 


381967000 

3ezi|aooo 

38(956.000 

3ii&ooo 

38jM000 

38  IBM.  000 

.seimooo 

setmooo 


379037000 


240434LO00 

2404362000 

2404497000 

2404474000 

2404529.000 

2404573000 

2404601.000 

2404670000 

2404749000 

2404840000 

2405511000 

2405635000 

2405860000 

2405941000 

2405990000 

2405998000 

2406008000 


89P 

379*9000 

2405988.000 

SOP 

37^0000 

2405930000 

9IP 

iiwaooo 

2406081000 

92PT 

3$®  1.000 

2406080000 

93P 

37934LOOO 

2405920000 

94P 

379342000 

2405847000 

95P 

3^9197.000 

2405951000 

96P 

379411000 

2406034000 

97PT 

37941  LOOO 

2406066000 

98  P 

3f9IJfiOOO 

2405960000 

99P 

379033000 

2405890000 

IOOP 

•37W74000 

2405829000 

101 P 

st^bozooo 

2405726.000 

I02P 

378674000 

2405707000 

I03P 

jjifWSOOO 

2405672000 

•04  P 

I05P 

378646000 

240561L000 

37^03000 

2405370000 

»7P 

3^813000 

2405294.000 

.'Wfuooo. 

37§J71000 

376013.000 

377896000 

37J689O00 

377778.000 

3lTf49jOOO 

377*77000 

377615000 

377591000 

377)471000 

377415000 

377419.000 


2405279-000 

2405286.000 

2405309000 

2405380000 

2405396000 

2405585000 

2405575000 

2405569000 

2405556000 

2405559000 

2405561000 

2406629000 

2405647000 

2405659000 


122  P 

377182000 

2405642000 

299.430 

146660 

I23P 

377037000 

2405664.000 

sihotsooo 

26.077 

I24PT 

2405878000 

310.337 

41804 

I25P 

376745000 

2406031.000 

126  P 

376706000 

2406056000 

151.427 

I27P 

37*597000 

2406161000 

45.604 

I2BP 

376360000 

2406168000 

50220 

43029 

129  P 

376519000 

2406217.000 

I30P 

376460000 

2406237000 

131 P 

376436.000 

2406251000 

46174 

119.017 

I32P 

376317000 

2406251000 

71432 

I33PT 

376244.000 

2406272000 

214.009 

I34P 

37*1)30000 

2406274.000 

I35P 

373825000 

2406242000 

109768 

I36P 

37^64000 

2406227000 

141.796 

I37PT 

375465000 

2406296000 

326377 

;  375462O0Q 
I  375503000 
!  375540000 
j  375540.000 
375742000 
375742.000 
375779000 
375038XXX) 
375837.000 


2496052.000 

2406065000 

2406062000 

2406052000 

2406004000 

2405888000 

2405771.000 

2405634.000 

240546L000 


43.012 

NI7 

35 

37121 

N04 

38 

10.000 

N90 

00 

207.S25 

NI3 

22 

116.000 

N90 

00 

122.711 

N72 

27 

149164 

N66 

42 

173.003 

S89 

40 

P  INDICATES  POINT  IS  A  PERMANENT  RIGHT-OF-WAY  POINT. 

T  INDICATES  POINT  6  A  TEMPORARY  RIGHT-OF-WAY  POINT. 

PT  INDICATES  POINT  IS  COMMON  TO  BOTH  TYPES  OF  RIGHT-OFW 

GENERAL  NOTE 

l  RIGHT-OF-WAY  COORDINATES  ARE  BASED  ON  MINNESOTA  S' 
PLANE  GRID  SYSTEM. 


WHKS  -  Profralonoi  A  Ptonnw* 

MotM  city ,  la.-  Rochwttf,  Mn.  -  Dubuque ,  lo. 


DESIGN  MEMORANDUM  NO.  2 

FLOOD  CONTROL  SQUT 
ROCHESTER 
STAG 
RIGHT- 
data 


SEARING 

AINUTES  SECONDS 


RIGHT-OF-WAY 

,  DATA  SET  3  PERMANENT  ROW 

BEARING 

I  '  •  - 

NOTES  POINT  NO.  Nf  COORDINATE  E -  COORDINATE  DISTANCE  DEGREES  MINUTES  SECONDS 


39 

OOE 

56 

43E 

53 

56W 

58 

32E 

39 

35E 

07 

OIE 

42 

33E 

40 

07E 

41 

I5E 

.  34 

I7E 

06 

I5E 

I6E 

23 

03E 

19 

52E 

39 

37E 

16 

I6E 

42.'  ■ 

0|W 

02 

27W 

54 

23E 

54 

22W 

22 

49W 

08 

'  41 W 

38 

59E 

01 

HE 

23 

2SE 

04 

46W 

43 

29W 

.24 

27W 

97 

24W 

or 

48W 

10 

48W 

20 

47W 

19 

28W 

II 

37W 

29 

42W 

•49'  • 

29W 

10 

•„  I4E 

36  ■ 

23E 

IS 

03E 

44 

38C 

33 

34E 

57 

02W 

41' 

22W 

14 

05W 

46  '  ' 

I3E 

-43'  . 

49E 

32  . 

20E 

49 

OBE 

33 

54E 

40 

23E 

37 

39E 

28 

I6E 

32 

20E 

07 

IOE 

51 

33E 

07 

IOE 

16 

2IE 

08 

39E 

39 

OOE 

37 

46E 

35 

20E 

32 

08E 

56 

57W 

04 

2IW 

'12 

I8E 

138  P 

375462000 

2406052000 

I39P 

43.012 

NI7 

*  35 

33E 

375503000 

2406065000 

37.121 

N04 

38 

08W 

I40P 

375540000 

2406062000 

10.000 

N90 

00 

OOW 

I4IPT 

375540.000 

2406052000 

207.625 

NI3 

142  P 

1  375742000 

2406004.000 

22 

OIW 

116.000 

N90 

00 

OOW 

143  P 

375742.000 

2405888000 

122.71 1 

N72 

27 

04W 

I44P 

375779000 

2403771.000 

149164 

N66 

42 

02W 

145  P 

375838000 

2405634.000 

173.003 

S89 

40 

oew 

146  P 

375837000 

240546 LOOO 

P  INDICATES  POINT  IS  A  PERMANENT  RIGHT-OPWAY  POINT 
T  INDICATES  POINT  G  A  TEMPORARY  RIGHT-OF-WAY  POINT 
PT  INDICATES  POINT  IS  COMMON  TO  BOTH  TYPES  OF  RIGHT-OPWAY. 

GENERAL  NOTE 

l  RIGHT-OF-WAY  COORDINATES  ARE  BASED  ON  MINNESOTA  STATE 
PLANE  GRID  STSTEM. 


W  HKS  -  Proftwiowol  Engnuw*  ft  PtoftMra 
Mow*  Oily ,  M.-  Roctt*»t*r,  Mft.-Oubuqw,  la 


DEPARTMENT  OF  THE  ARMY 
*».  paw  oamct  coats or  mmm 

It  PAUL,  NMNMOTA 


DESIGN  MEMORANDUM  NO.  2  FEATURE 

FLOOD  CONTROL  SOUTH  FORK  ZUMBfiO  RIVER 

ROCHESTER,  MINNESOTA 
STAGE  IB 
RIGHT-OF-WAY 
DATA  SETS 

’  Amoves  BYi  |  DAIfc 

DCCEMBERBBB 

"“wo  sou 

NAVMONUMHF 

M3Q-R-II/9 


PLATE  10 


T 


T 


T 


RIGHT-OF-WAY 

DATA  SET  4  TEMPORARY  ROW 

BEARING 

NOTES  POINT  NO.  N-COORDINATE  E- COORDINATE  DISTANCE  DEGREES  MINUTES  SECONDS 


IT  379978000 

17  PT  379590000 


2405693000 

2405551.000 


411168  *  S20 


06 


06W 


RIGHT-OF-WAY 

DATA  SET  5  TEMPORARY-ROW 

BEARING 

NOTES  POINT  NO.  N-COORDINATE  E- COORDINATE  DISTANCE  DEGREES  MINUTES  SECONOS 


24  PT  379589000 

2T  379554000 

26  PT  379512000 

RIGHT-OF-WAY 

DATA  SET  6  TEMPORARY  ROW. 

BEARING 

NOTES  POINT  NO.  N-COORDINATE  E-COOROINATE  DISTANCE  DEGREES  MNUTES  .SECONDS 


2405502000 

2405441000 

66.888 

S58 

26 

55W 

90.355 

S62 

ie 

02E 

2405525000 

27  PT  . 

379422000 

2405487000 

3T 

379410000 

2405331000 

4T 

379360000 

2405346-000 

5T 

379359.000 

2405371000 

29  PT 

379329000 

2405371000 

154467 

S85 

32 

40W 

51.662 

SI4 

34 

27E 

29017 

S88 

01 

30E 

30067 

S03 

48 

51 W 

RIGHT-OF-WAY 

DATA  SET  7  TEMPORARY  ROW 

BEARING 

NOTES  POINT  NO.  N-COORDINATE  E-COORDINATE  DISTANCE  DEGREES  MINUTES  SECONDS 


32  PT 
35  PT 


379298000 

378959000 


2405375000 

2405371000 


339000 


900  00  OOW 


RIGHT-OF-WAY 

DATA  SET  8  TEMPORARY  ROW 

BEARING 

NOTES  POINT  NO.  N-COORDWATE  E-COOROINATE  DISTANCE  DEGREES  MINUTES  SECONOS 


48  PT 

377932000 

2405072000 

79057 

902 

10 

29E 

6T 

377851000 

2405075000 

82462 

STS 

57 

50E 

49  PT 

377833000 

2405155000 

17464 

S23 

37 

46W 

7T 

377817000 

2405148000 

146.414 

S23 

45 

50E 

8T 

377683000 

2405207000 

288087 

S23 

05 

39E 

9T 

3774*8000 

2405320000 

37.736 

S32 

bo 

I9E 

IOT 

377386000 

2405340000 

61.098 

S2I 

06 

I7E 

IIT 

377329000 

2405362000 

134629 

.  S3I 

19 

43E 

t2T 

377214000 

2405432000 

14000 

S90 

00 

006 

53  PT 

377214000 

2405446000 

RIGHT-OF-WAY 

DATA  SET  9  TEMPORARY  ROW 

BEARING 


NOTES  POINT  NO.  N-COORDINATE  E- COORDINATE 


60PT 

376850000 

2406654000 

OT 

376710000 

2405659000 

I4T 

376707000 

2405554000 

I5T 

376757000 

2405499000 

*6T 

376756000 

2405450000 

ITT 

376894000 

2405445000 

«T 

376892000 

2405338000 

I9T 

376724000 

2405342000 

2QT 

376728000 

2405435000 

2IT 

376718000 

2405501000 

22T 

376671000 

2403517000 

23T 

376682060 

2405715000 

24T 

376423000 

2405949000 

25T 

376347000 

2405984000 

26T 

376119000 

2405992000 

27T 

376022000 

2405892000 

28T 

376283000 

240530(000 

29T 

376288000 

2405115000 

DISTANCE 

DEGREES 

I40O69 

S02 

105043 

S  88 

74330 

N47 

49.0*0 

S88 

138091 

N02 

107019 

see 

168048 

SOI 

91086 

*87 

66.753 

SSI 

41880 

S20 

198124 

N87 

349052 

S42 

81672 

S24 

228140 

502 

139316 

S45 

648067 

*66 

188067 

*88 

MINUTES  SECONDS 

02  44E 

21  48W 

43  35W 

49  5IW 

04  30W 

59  4SW 

21  50E 

32  I4E 

23  04E 

24  36E 

58  3IE 

05  .  49E 

43  38E 

00  34E 

52  2IW 

2IW 

37W 


Rl 

DATA  SET 


NOTES  POINT  NO.  N-COORDINATE  E 


74PT 

381958000 

30T 

381892000 

77PT 

381820.000 

R 

DATA  SET 

NOTES  POINT  NO.  N-COORDINATE  E- 

■  i 

•.  I 

87PT  3T99STO00 

3IT  379993000 

32T  379470.000 

92  PT  3795IL000 


\  R 
DATA  SET 

NOTES  POINT  NO  N-COORpiNATE  E-C 


97  PT 

3794)1000 

33T 

379406000 

34T 

379101000 

35T 

378997000 

36T 

378822.000 

37T 

378669000 

38T 

378581000 

39T 

378284000 

40T 

378221000 

4IT 

378081000 

42T 

378020000 

43T 

377958000 

44T 

377923000 

45T 

377691000 

R 

DATA  SET 


NOTES  POINT  NO.  N 'COORDINATE  E- 


46T 

378230000 

47T 

378261000 

48T 

37826^000 

49T 

37823^000 

50T 

3782P6.000 

5IT 

378150000 

52T 

378H4000 

53T 

378106000 

54T 

378 14^000 

55T 

378045000 

36T 

37795^000 

57T 

377934000 

58T 

378007000 

59T 

37808^000 

46T 

378230000 

R 

DATA  SET 


NOTES  POINT  NO.  N-COORDINATE  E 

II2PT  377989000 

61 T  3779SijooO 

60T  37781*000 


to 

27 


RIGHT-OF-WAY 

DATA  SET  10  TEMPORARY  ROW 


RIGHT-OF-WAY 

DATA  SET  15  TEMPORARY  ROW 


NOTES  POINT  NO. 

N-COORDINATE 

E- COORDINATE 

DISTANCE 

DEGREES 

MINUTES 

SECONDS 

NOTES  POINT  NO. 

^-COORDINATE 

E- COORDINATE 

DISTANCE 

DEGREES  * 

74PT 

381956000 

2404497000 

131.727 

S59 

55 

53E 

II4PT 

!  377776000 

2405575.000 

381892000 

-  2404611000 

240666 

S74 

30T 

8L4I3 

S27 

49 

27W 

67T 

|  377714000 

2405807000 

352363 

SO? 

77PT 

381820.000 

2404573000 

68  T 

377362000 

2405823.000 

RIGHT-OF-WAY 

DjATA  SET  1 1  TEMPORARY  ROW 

T  SEARING 

NOTES  POINT  NO.  N- COORDINATE  E- COORDINATE  DISTANCE  DEGREES  MINUTES  SECONDS 


2405996.000 

2406488000 

2406473.000 

2406080.000 


I  RIGHT-OF-WAY 
DATA  SET  12  TEMPORARY  ROW 

BEARING 

NOTES  POINT  NOl  N-COOMUNATE  E-COORDINATE  OISTANCE  DEGREES  MINUTES  SECONDS 


RIGHT-OF-WAY 

!  DATA  SET  16  TEMPORARY  ROW 

i>  :•  .•  ..  .  • 

NOTES  POINT  NO.  fl- COORDINATE  E- COORDINATE  DISTANCE  DEGREES 


377749.000 

377694000 

377366.000 


2405569.000 

2405778.000 

240579L00Q 


377382000  2405704.000 

377422000  2405670.000 

377419.000  2405659000 


37S&i00O 

37^06000 

ST^tipLOOO 

37^97000 


37822JOOO 

378981000 

37*020000 


377923000 

377895000 


2406066000 

2406135000 

2406017000 

2406026000 

2405963000 

2405851000 

2405693000 

2405549.000 

2405551000 

2405487000 

2405473000 

2405474000 

2405492000 

2405596000 


69.181 

S85 

51 

.  I9E 

327031 

S2I 

09 

03W 

104.389 

S04 

56 

46E 

185.995 

SI9 

47 

56W 

189.613 

S36 

12 

I8W 

178-941 

S62 

00 

idw 

333.672 

S25 

34 

OOW 

63032 

SOI 

49 

06E 

153.935 

S24 

34 

02W 

62.586 

SI2 

55 

34W 

64.006 

soo 

53 

43E 

37.590 

S28 

36 

38E 

106636 

S75 

12 

I2E 

)■  RIGHT-OF-WAY 

j  DATA  SET  17  TEMPORARY  ROW 

NOTES  POINT  NO.  ^-COORDINATE  E-COORDINATE  DISTANCE  DEGREES 


117  PT 

J  .377615:000 

2405559000 

66T 

!  ,377512000 

2405617000 

II9PT 

|  37747L000 

2405629.000 

115207  S29 

42720  •  SIS 


|  RIGHT-OF-WAY 

i  DATA  SET  18  TEMPORARY  ROW 

NOTES  POINT  NO.  N-COORDINATE  E-COORDINATE  DISTANCE  DEGREES 


RIGHT-OF-WAY 

PJATA  SET  13  TEMPORARY  ROW 

BEARING 

NOTES  POINT  NO.  N-COORWN/CTE  E- COORDINATE  DISTANCE  DEGREES  MINUTES  SECONDS 


376244000 
376115000 
375970000 
375855000 
375468000 
|  375465000 


2406272000 

2406316000 

2406336000 

2406401000 

2406407000 

2406296.000 


:  ? 

378^6000 


378(50000 

378l%000 

378106000 

370I$OOO 

378«5X)00 


3780 

Itooo 

|o°o 

^783 

$000 

2405520000 

2405497000 

2405424.000 

2405349000 

2405313000 

2405303000 

2405400000 

2405397000 

240530 LOOO 

2405313000 

2405363000 

2405452000 

2405449000 

2405462000 

2405520000 


j  RIGHT-OF-WAY 

1  DATA  SET  19  TEMPORARY  ROW 

i  .•  '  ••  '  . 

NOTES  POINT  NO.  Ni-COORDlNArE  E-COORDlNATE  OISTANCE  DEGREES 


141  PT 

j  375540000 

2406052000 

73T 

!  375698 000 

2405977000 

74T 

j  375699000 

2405857000 

75T 

■  375826000 

2405633000 

76T 

j  375827.000 

2405463000 

LEGEND 

P  INDICATES  POINT  IS  A  PERMANENT  R1GHT-0P¥*Y  POINT 
T  INDICATES  POINT  IS  A  TEMPORARY  RIGHT-OF-WAY  POINT. 


NOTES  POINT  NO.  N-C 


I  RIGHT-OF-WAY 
|TA  SET  14  TEMPORARY  ROW 

IlNATE  E- COORDINATE  DISTANCE  DEGREES 


PT  INDICATES  POINT  IS  COMMON 


BEARING 

MINUTES  SECONDS 


NT  IS  A  TEMPORARY  R1GI 
NT  IS  COMMON  k)  BOTH 

GENERAL  frjoTE 


TYPES  OF  RIGHT-OF-WAY. 


RIGHT-OF-WAY  COORDINATES  ARE  BASEO  ON  MINNESOTA 
STATE  PLANE  GRID  SYSTEM.  j 


3778^.000 

3779-J2000 


2405398000 

2405373000 

2405590.000 


WHKS  -  ProtaiioMl  Er*<jinBW*  8  Ploant 
Mown  City  W«i.  -  Oufcuqu* 

DESIGN  MEMO 
FLOOl 


RIGHT-OF-WAY 

■j  DATA  SET  15  TEMPORARY  ROW 

BEARING 

NOTES  POINT  NO.  N-COORDINATE  E-COOROINATE  DISTANCE  DEGREES  MINUTES  SECONDS 


II4PT 

!  377778.000 

2403375.000 

67T 

J  3777KOOO 

2405807000 

68  T 

377362.000 

2405823.000 

I24PT 

377013X500 

2405878.000 

RIGHT-OF-WAY 

!■'  DATA  SET  16  TEMPORARY  ROW 

j,  •.  BEARING 

NOTES  POINT  NO.  ^-COORDINATE  E-COORDINATE  DISTANCE  DEGREES  MINUTES  SECONDS 


115  PT 

i/  377749.000 

2405569000 

62  T 

377694000 

2405778.000 

63T 

377366XXX) 

240579L000 

64T 

377382000 

2405704.000 

65T 

377422.000 

2405670.000 

121  PT 

377419.000 

2405659000 

r  RIGHT-OF-WAY 

I  DATA  SET  17  TEMPORARY  ROW 

I,  BEARING 

NOTES  POINT  NO.  ^-COORDINATE  E-COORDINATE  DISTANCE  DEGREES  MINUTES  SECONDS 


118.207  S29 

42.720  '  SI6 


|  RIGHT-OF-WAY 

!  DATA  SET  18  TEMPORARY  ROW 

j  BEARING 

NOTES  POINT  NO.  (^COORDINATE  E-COORDINATE  DISTANCE  DEGREES  MINUTES  SECONDS 


117  PT 

377615X500 

2405559000 

66T 

!  377512000 

2405617000 

II9PT 

I  377471000 

2405629.000 

1  376244000 

2406272X500 

136.956 

SI9 

37 

33E 

'  376115000 

375970000 

2406316000 

2406339000 

146513 

S08 

14 

27E 

132.412 

S27 

55 

ilE 

375853000 
!•  375468000 

2406401000 

2406407000 

385.047 

soo 

53 

34E 

j  375465000 

2406296.000 

<11.041 

S8B 

27 

07W 

RIGHT-OF-WAY 

}  DATA  SET  19  TEMPORARY  ROW 

j  BEARING 

NOTES  POINT  NO.  nJ-COORONATE  E-COORDINATE  OISTANCE  DEGREES  MINUTES  SECONDS 


J6W 

j 

»E  ’  ■. 

141  PT  j 

375540000 

2406052X500 

22W 

73T 

375698000 

2405977000 

5IW 

74T 

I  375699000 

2405857000 

57E 

75T  ! 

375828X500 

2405633000 

IX 

76T 

j  375827.000 

2405463000 

P  INDICATES  POINT  IS  A  PERMANENT  RIGHTO  F-YPT  POINT. 

T  INDICATES  POINT  IS  A  TEMPORARY  RIGHT-OF-WAf  POINT. 

PT  INDICATES  POINT  IS  COMMON  TO  BOTH  TYPES  Of  RIGHTOf-Wtr. 


GENERAL  (toTE  _ 

I.  RIGHT-OF-WAE  COORDINATES  ARE  BASEO  ON  MINNESOTA  mu 
STATE  PLANE  GRIO  SYSTEM.  I  - 


WHKS  -  pTOf**»tor*ot  Eiqinaart  8  P|«war« 
u«w«  City  ,la.-  Roctiwtir,  Mw.  -  Dutuqua ,  la. 


DEPARTMENT  OP  THE  ARMY 
st  PAUt  —met  corns  os  — 
st  MU.  —IOTA 


DESIGN  MEMORANDUM  NO  2  FEATURE 

FLOOD  CONTROL  SOUTH  FORK  ZUMBRO  RIVER  ' 

ROCHESTER,  MINNESOTA 
STAGE  IB  * 
RIGHT-OF-WAY 
DATA  SETS 

APFtOVtO  >T:  OAT* 

_  OECO,BO,  1966 

'"“no  SCALE  I**-  — 

OtAWMO  HUMAa 

M30-R-II/IO 


PL  ATE  II 


•  varies  (min.iss1) 

STA.  128*00  TO  STA.  131*50 


TYPICAL  SECTION  STA.  12 


TYPE  A - ' 

9'  BEDDING- 


-IVON  I^H  iot 


-H"TOPSOIL,  SEEDED 
- - FILL 


TYPICAL  SECTION  STA.  I« 


IVONVjH 
— -L"  STRIPPING 
12"  EIPBAP.TYPEA- 
9"  BEDDING  - 


-EYCAVATE 


-IVONliH  “iT 


TYPICAL  SECTION  STA.  IS 


990r  M"  TOPSOIL, 
SEEDED^ 


IVONliPp^^j^l 

12"  PIPPAp 

TYPE  A- - '  T 

.  S"  BEDDING  J 
(.•  STRIPPING- 


*IV  ON  I^H  ;>} 


TYPICAL  SECTION  STA.  \t 


RlES  (MIN.ISS'I 
A.  128*00  TO  STA.  131*50 


EXISTING  GROUND  LINE 


STA.  lag.  *90  TO  IS |T 30 


EXISTING  GROUND  LINE- 


-CHANNEL  CONTROL  LINE 


W.5.E  980.  5  TO  9SO.  8  - 


'  H"  TOPSOIL,  SEEDED - 


EXCAVATE  T 


'-IS"  EIPPA 
TYPE  A 
-9"  BEDDING 


IVON  l^-H- 


'IV  ON  3H 


BAOtFILL- 


TYPICAL  SECTION  STA.  IS5*SO  TO  IS4*-flO 


-CHANNEL  CONTROL  LINE 


EXISTING  GROUND  LINE 
I V  ON  3H 


TYPICAL  SECTION  STA.  1 58  +  HO  TO  lfal**00 


-CHANNEL  CONTROL  LINE 


_ _ 215'  STA  itl-OOTO  STA  III -OP _ 

VARIES  215'  TO  1*70’  STA.  I LL+OO  TO  5TA  ll.8*HO  W.5.E.  981.3  T0  98l.4>- 


H"  TOPSOIL,  5EEDED- 
-EXISTIWG  GROUND  LINE  EILL-- 


_ — -  —y— EXCAVATE  - 

lo|  IVON  I^H - 


T*  L"  STRIPPING-"31 
L-12"  RIPRAP,  TYPE  A 
-9"  BEDDING 


'IV0N3H 


.  \ 

BACKFILL — 


TYPICAL  SECTION  STA.  I&l +  OQ  TO  lfe8+HO 


EEFEBE.NC.ES 


WMKS  -  Protwsloool  Cngmcvfa  ft  Plannari 
Mason  City  ,  la. - Rochootor,  Mn.-OubuQua,  la. 


ITEMS 

SHEET  NO.(S> 

1.  PLANS  *  PROFILE 

\U,  17, 18,  4  19 

£  DETAILS,  GATE  WELL  A 

H3 

DESIGN  MEMORANDUM  NO.  2 

FLOOD  CONTROL  SOUTH  FORI 
ROCHESTER,  MINN 

STAGE  H 
TYPICAL  SECT 

STA.  126+90  TO  STA 


v 


INP.  HANDRAIL 

INP.  SHEETPILE' 
TIEBACK  WALL- 


©  VARIES  IVON  3H  TO  IV  TO  2H 
FROM  STA.  U.8  +AO  TO  STA.  14,9+35 
©  ROCKFILL  BEGINS  AT  STA.  148+80 

to'  ROCK. FILL — 
TYPEC© 

SHOWN  AT  STA.  14,9  +  30  - 


IVON  2H© 


W: 

-CHANN 


EXCAVATE 


STA.  14,8+80 


♦SO-^ 


-IV  OKI  I  jH  Ol 


— BACKFILL 
-STA  172+  MO 


-  ^"ROCK  AT  STA  172  + HO 


TYPICAL  SECTION  STA.  U.8 


EXISTING  f 
SIDEWALK .1 


-H"  TOPSOIL,  SEEDED 

VARIES  I  t _ 

■+ - HANDRAIL  | 

— —  SHEET  PILE  TIEBACK  WALL 


to"  STRIPPING  - 
FILL— 


-EXCAVATE 


-EXISTING  GROUND  UNE 


tm  EOCRFILL 
TYPE  C - 


-IVON  ijH  K>j 
-BACKFILL 


TYPICAL  SECTION  STA.  172 


-SHEET  PILE  TIEBACK  WALL 


_ _ IMS' I  STA.  I7S-* 

VARIES  IMS’ TO  1 50 It  STA.  180  + 


HANDRAIL- 


nu^ 

STRIPPING — ' 

- 

TYPICAL  SECTION  STA.  I7S  +  GC 


12"  eiPRAP,  TYPE  A  - 
9"8E  DOING  — 


-SHEET  PILE  TIEBACK  WALL 


VARIES  ISO 


x—CHANNe 
‘t  TO  IGO'tl  STA.  |8I  ♦ 


>'T-| VON  liH 
-BACKFILL 


TYPICAL  SECTION  STA.  181+ GO 


EXCAVATE- 


j  H"  TOPSOIL,  SEEDED  ' 
I  ,IO' BIKE  PATH® -'x 
CHAINLlNK  FENCE?  I 


VARIES  HO'  TO  155' 


—  EXISTING  fence 

■  -SWALE,  4”  TOPSOIL* 
EXIST  R.OAD1 


WS.E.  981.7  TO  982.0- 
,NNEL  CONTROL  LINE 


CONC..  FLOODWALL- 


—  CHANNEL  CONTROL  LINE 

_ - — ■  ^  \ 


©IVON  2^  H  .7> 


®  cVL--  INSULATION _ 

^=1  ^L- W  ^-15“  SAN.  SEWER 

- u - —BACKFILL 

•  9"  CONC.  TOE  PROTECTION 


- - - - ^ROCK  ATSTA  1 72*  HO 

|. _ _ _ 1 _ 1 _ I _ l  ■  .  I - 

TYPICAL  SECTION  5TA.  ICS  +  40  TO  172+HO 


®  varies,  iv  on  sh  to  iv  on  2-jH 

STA.  ILS+HO  TO  5TA.  IL9+35 
AND  IVON  2tH  TO  IV0N2H 
,  STA-,  I7I  +  SO  ,T0  STA,  172+OQ 

1  .  >0o 


STING  GROUND 


IO'  BIKE  PATH®  - 
CHAINLINK  FENCE —Li 


W.SE  982.  O  TO  982.1- 
CHANNEL  CONTROL  LINE  - 


CONC.  FLOODWALL 


"  LL'  IVON2H 


-EXISTING  FENCE 
,-SWALE ,  H '  TOPSOIL4  SOD 
.EXIST.  ROAD, 


-INSULATION 


(  I  jtfj  /  ^15"  SAN.  SEWEE 
’C-J.-'—XV  BACKFILL 
CONC.  TOE  PROTECTION 


TYPICAL  SECTION  STA.  172+40  TO  173*00 

-/V,4 

_ IMS' I  STA.  175*60  TO  STA.  180*  HO 

VARIES  IH5'  TO  ISO  J  STA.  180  +  HO  TO  STA.  181  -UO 
T  PILE  TIEBACK  WALLl 

$  r - CHANNEL  CONTROL  LINE 

4  W.S.E.  982.7  TO  989. 0 

#  !  EXISTING  GROUND  LINE- 


CHAINLIWK  FENCE- 
H‘ TOPSOIL,  SOD— ^ 


EL.  987.  5 


ilVONR^H— 4 


-IS"SAN.  SEW 
(SHOWN  AT 


EXCAVATE' 


IVON  ijH- 


VPlCAL  SECTION  STA  I7S  +  GO  TO  161  +  feO 


ElPRAP,  TYPE  B- 


^ — L"  STRIPPING 
I  ;  M8-RIPRAP,  TYPE 

'-+27"  ElPRAP,  TYPE  B 
^  9"  BEDDI NG ,  T  YPE  2 
~U  BEDDING, TYPE 3 


»  DISTANCE  BETWEEN 
SAN.  SEWER  AND  CH. 
CONTEOL  LINE  VAR 
APPROX.  125'  TO  I! 


CHAINLINK  FENCE- 
H"TOPSOIL,  SOD--- 


CHANNEL  CONTROL  LINE 

VARIES  ISO'*  TO  ILO't  STA.  181  +  60  TO  STA.  182  +  fcO - 

|  WSE  984.0  TO  989.2” 

EXISTING  GEOUND  LINE  - 


IVON  2xH- 
EL.  987.5  . 


A  EXCAVATE - 
/  FI  «7 An- 


- 18“  RIPRAP,  TYPE  E 

-9"  BEDDING,  TYPE  2 
~U"  BEDDING,  TYPES 


-IV  ON  I^H  'x)l 


ROCK  <5 
IVONliH- 


-27"  RIPRAP  TYPE  B 


TYPICAL  SECTION  STA.  181  + GO  TO  )  82*80 


_ REFERENCES 

ITEM 

I,  PLAN  *  PROFILE 
2 DAKOTA  *  MINNESOTA 
EASTERN  RR. BRIDGE 
SCOUR  PROTECTION 

3.KT  BANK  FLOODWALL 
STA.  IL9+HO  TO  STA.  I7H+79 

9.  LT.  BANK  FLOODWALL 
STA.  172+40  TO  STA.  I8L+25 

i  BIKE  PATH  UNDERPASS 


SHEET  N0.( 
19  +  20 
39 


WHKS  -  ProfiuioMl  En«i«M«r«  ft  Ptonnart 
Mmoh  Mrv-Oubuqua,  la 

KMMDBVi  1  DESIGN  MEMORANDUM 

— BA - -  FLOOD  CONT 

_ _  ROCI 

•AW"™  K.R.R 

mum — 00 -  ty 


H"  TOPSOIL,  SEEDED 
IO'  BIKE  PATH  ®  \ 
CHAINLINK  FENCEt  ) 


CONC.  FLOODWALL- 


,. — EXISTING  FENCE 
-  SWALE,  H "  TOPSOIL  +500 
.EXIST  ROAD. 


X  ®  insulation 

■  - 1  — J  PI  foP^-IS1'  SAN.  -SEWER 

(Dl VON  - U - ^'''-backfill 

_ _ 9"  CONC.  TOE  PROTECTION 

©Varies,  iv  on  3H  to  iv  on  2-jH 
STA.  K.8+40  TO  STA.  IL9  +  35 
AND  IVON  ajH  TO  IV  ON  2H 
STA.,  171  <-50  , TO  STA,  172+00 


NOTES'  ®  2"  BIT  WEARING  COURSE  ON 
4"  CRUSHED  ROCK  BASE 
©  GRANULAR  BACKFILL 


IO'  BIKE  PATH®  - 
CHAINLINK  FENCE -~L, 


-EXISTING  FENCE 
^SWALE ,  H "  TOPSOI L  4  SOD 
■EXIST.  ROAD, 


©  B"  CM  P  DRAIN 


:  932.0  TO  982.1- 
IE  '■ 


CONC.  FLOOOWALL 


-INSULATION 


;|  pj  /  MS’ SAN.  SEWER 
Ljr  ..  ,  .1  /  BACKFILL 

•CONC. TOE  PROTECTION 


CHAINLINK  FENCE- 
4‘ TOPSOIL,  SOD— ^ 


-IO' BIKE  PATH 


D  LINE- 


llVONZxH-^ 


EL.  97U.O-R 


—15“ SAM.  SEWER  * _ ^  I 

(SHOWN  ATSTA.  IfiO-HGj  98Q 


IVON  liH- 


RlPRAP,  TYPE  B- 


\  STRIPPING 

J  Sa-RIPRAP,  TYPE 
H27“  RIPRAP,  TYPE  B  ' 

'-jp“  BEDDING.TYPE2 
-Of  BEDDING. TYPE  3 


•  DISTANCE  BETWEEN  4.  OF  IS- 
SAN.  SEWER  AND  CHANNEL 
CONTROL  LINE  VARIES  FROM 
APPROX.  125’  TO  150' 


CHAINLINK  FENC.E- 
H-TOPSOIL,  SOD-\ 


-IO' BIKE  PATH 


IVONZtH- 
EL.  987.3  . 


A  EXCAVATE - 
-  EL.  9740-, 


vEOCK^ 

IVONltH- 


-27“  RIPRAP  TYPE  B 


- la-  RIPRAP,  TYPE  B 

-9"  BEDDING,  TYPES 
-i"  BEDDING,  TYPE 3 


REFERENCES 

fem 

VAN  +  PROFILE 
AKOTA  ♦  MINNESOTA 
ASTERN  RR.  BRIDGE 
COUR  PROTECTION 

it  BANK  FLOOOWALL 
iTA.  H.9+HO  TO  STA  I7H+79 

■T  BANK  FLOODWALL 
STA.  172+HO  TO  STA.  I8V+2S 
II KE  PATH  UNDERPASS 


SHEET  NO.® 
19  *  20  j 
39  I 


WHKS-  PrafauioMl  ErfiMtrt  h  PlonMra 
MMOA  City,  »o.  -  noc tmtm,  mv-Oubu*»,  la 


" ,Tl  K.R.R. 
p,tl  D.Q 


«  Planar.  KMRTMDIT  OF  THI  ARMY 

r,  Mit-Oubupg*.  la  iTrm  OTnrMCTT**IWIIM 

DESIGN  MEMORANDUM  NO.  2  FEATURE 

FLOOD  CONTROL  SOUTH  PORK  ZUMBRO  RIVER 

ROCHESTER,  MINNESOTA 
STAGE  10 
TYPICAL  SECTIONS 

STA.  168*40  TO  STA.  182*60 
ARIDVDIY:  T  “  DAT*:  — — 

_ 

““  AS  SHOWN  1"°“  ”*~*' 

DCAWWO  NUMHI 

M  30 -R- 64/2 


IV  ON  ly  H 

18“  RIPRAP, TYPE 

__ _ . _ _  ___ 

9'  BEDDING — ' 

^EXCAVATE  -< 

IVON  3H  — ' 

IVON  l£H 

^—BACKFILL 

TYPICAL  SECTION  STA.  nOO 


n 


4,"  STRIPPING.  • 


IVON  liH 


IS"  RIPRAP,  TYPE' B_ 
9"  bedding*5* 


- CHA 

ISO'  STA.  193  *c 
VARIES,  130'  TO  ISO'  STA.  I9H*< 


EXISTING  GROUND  UNE'^i  _ _ 

S'  '  — . . 

*■ — I  VON  li  H  V) 

BACKFILL 


TYPICAL  SECTION  STA.  n3+Oi 


Iv  On  IxH  T 

12"  EIPEAP,  TYPE  A  — '  I 
9"  BEDDING - ' 


IVON  3H- 


-IVON  l±h 


-BACKFILL 


ECTIOKI  STA.  191 


K?  / 

rtpNE  WALLY 


.PLATS'  BEAy-tiOAJTORAlt’/  ^ 

:  ^  K  7 


j  ./'j-'  ?  3r  .  ,/  rLi*«T.OfwoRrt 

v/ 


THE  CITY  OF  ROCHESTER  IS  PLANNING  IAS  OF  NOV.  24, 19661 
TO  REPLACE  THE  3RD  AVE  BRIDGE,  THEREFORE  THE  FINAL 
PLAN  FOR  THE  BRIDGE  AREA  WILL  BE  REVISED 


<Oge<?  'face  of  existing  pier  3 


Alew  hinged  /eaf  gate  ib  sail 


ates  io  he 
per  details. 


ratting 


r|“B5® 

35K3r 
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SILVER  LAKE  DAM 


1.  GENERAL  Several  modifications  are  proposed  for  the  Silver  lake  Earn.  The 
most  significant  is  removing  a  portion  of  the  existing  fixed  crest  spillway 
and  installing  a  hinged  leaf  gate  (Bascule-type).  Other  changes  are  adding 
de-  icing  and  motorizing  equipment  to  the  existing  tainter  gates  and 
performing  modifications  to  the  existing  stilling  basins  and  downstream 
erosion  protection.  The  addition  of  the  hinged  leaf  gate  requires  changing 
the  operating  plan  of  the  dam.  The  reason  for  the  addition  of  this  gate  is  to 
lower  upstream  flood  elevations.  The  modified  dam  is  designed  to  insure  that 
the  headwater  elevation  for  the  design  discharge  of  22,000  cfs  is  below 
elevation  980.0.  The  new  gate  is  to  be  lowered  during  floods.  In  the  full  down 
position  the  top  of  the  gate  is  to  be  at  elevation  969.0.  In  its  normal,  full 
up,  position  it  is  to  be  at  the  same  elevation  as  the  existing  fixed  crest, 
974.1.  The  changes  to  the  existing  3  tainter  gates  are  required  to  insure  that 
they  can  be  opened  during  floods.  The  design  is  based  on  the  three  tainter 
gates  being  full  open  for  the  design  discharge.  The  modifications  to  the 
stilling  basin  and  scour  protection  downstream  of  the  spillway  are  needed 
because  the  existing  protection  would  not  be  adequate  for  the  increased 
discharge  over  the  spillway  after  the  hinged  leaf  gate  is  added.  The  existing 
erosion  protection  downstream  of  the  tainter  gates  was  also  found  to  be 
inadequate  and  will  be  upgraded. 

2.  EXISTING  OPERATING  PLAN  The  existing  Silver  Lake  Dam  is  operated  by 
personnel  at  the  Rochester  Power  Plant.  Under  the  existing  plan  the  water 
level  is  monitored  at  the  power  plant  and  when  it  exceeds  elevation  976.5,  a 
crew  is  sent  to  open  the  tainter  gates.  They  communicate  with  the  power  plant 
by  radio  to  get  gate  settings  which  maintain  the  pool  at  about  976.5  until  the 
tainter  gates  are  full  open.  As  the  flow  and  pool  elevation  go  down  the 
tainter  gates  are  returned  to  the  closed  position.  The  utility  company  has 
had  problems  with  the  erosion  protection  downstream  of  the  tainter  gates. 
They  have  placed  very  large  riprap  which  has  been  displaced  when  the  gates  are 
opened. 

3.  PROPOSED  OPERATING  PLAN  The  proposed  operating  plan  is  based  on  trying 
to  match  the  existing  plan  as  much  as  possible.  As  for  the  existing  plan,  the 
gates  will  be  left  in  their  normal  setting  until  the  pool  elevation  exceeds 
976.5.  At  that  time  the  hinged  leaf  gate  will  be  gradually  lowered  to  maintain 
976.5.  When  the  hinged  leaf  gate  is  fully  down  the  tainter  gates  will  start  to 
be  opened.  The  tainter  gates  will  be  gradually  opened  to  maintain  976.5  until 
the  gates  are  full  open.  As  the  flow  and  pool  go  down  the  tainter  gates  will 
be  gradually  closed  to  maintain  976.5.  After  the  tainter  gates  are  fully  shut 
the  hinged  leaf  gate  will  be  gradually  raised  to  maintain  976.5  until  it  is  in 
the  full  up  position.  The  order  of  lowering  the  hinged  leaf  gate  before 
opening  the  tainter  gates  as  the  flow  increases  and  closing  the  tainter  gates 
before  raising  the  hinged  leaf  gate  during  the  receding  flow  is  important  to 
Insure  the  downstream  erosion  protection  performs  as  required.  The  impacts  of 
other  gate  operation  procedures  is  discussed  later  in  this  appendix.  Table  A- 
1  lists  the  proposed  operating  plan  and  the  discharges  that  would  be  passing 
at  the  different  phases  of  the  operation.  Table  A-2  lists  the  sequence  of 
operation  during  the  design  flood  and  the  time  each  step  would  have  to  be 
performed  at. 
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TABLE  A-l 

PROPOSED  OPERATING  PLAN 


Gate  Setting  Discharge  Annual  Prob. 


Pool  Elevation 

Tainter  Gate 

Hinged  Leaf 

(CFS) 

of  Occurrence 

Rising  Discharge 

<976.5 

Closed 

Full  Up 

<2000 

>50% 

976.5 

Closed 

Start  to  Lower 

2000 

>50% 

976.5 

Start  to  Open 

Full  Down 

11000 

7% 

976.5 

Full  Open 

Full  Down 

14000 

3% 

960.0 

Full  Open 

Full  Down 

22000 

Design(.5%) 

Palling  Discharge 


>976.5 

Full  Open 

Full  Down 

>14000 

<3% 

976.5 

Start  to  Close 

Full  Down 

14000 

3% 

976.5 

Full  Closed 

Start  to  Raise 

11000 

7% 

976.5 

Full  Closed 

Full  Up 

2000 

>50% 

<976.5 

Full  Closed 

Full  Up 

<2000 

>50% 

The  probability  column  in  the  above  table  is  the  percent  chance  of  that 
discharge  being  equaled  or  exceeded  in  any  year.  For  example,  there  is  a  3% 
chance  that  in  any  year  the  discharge  will  equal  or  exceed  14000  cfs.  Thus, 
there  is  a  3%  chance  that  in  any  year  the  tainter  gates  will  have  to  be  full 
open.  These  frequencies  are  based  on  project  conditions  with  the  SCS 
reservoirs,  Plate  D-17  of  DM  No.  1.  The  pool  elevations  for  different 
discharges  are  based  on  design  (high  roughness)  conditions. 

TABLE  A-2 

SILVER  LAKE  DAM  OPERATION  FOR  THE  DESIGN  FLOOD 


Gate  Setting 


Discharge 

Time 

Tainter  Gate 

Hinged  Leaf 

"200 

0-12  hrs 

Full  Closed 

Full  Up 

2000 

13.5  hrs 

Full  Closed 

Start  to  Lower 

11000 

16.0  hrs 

Start  to  Open 

Full  Down 

14000 

16.0  hrs 

Full  Open 

Full  Down 

22000 

26.0  hrs 

Full  Open 

Full  Down 

14000 

31.5  hrs 

Start  to  Close 

Full  Down 

11000 

33.5  hrs 

Full  Closed 

Start  to  Raise 

2000 

46.5  hrs 

Full  Closed 

Full  Up 

Times  are  based  on  the  design  flood  hydrograph  as  shown  on  Plate  D~4  of  DM  No 
1.  Note  that  the  tainter  gates  will  be  full  open  with  the  hinged  leaf  gate 
down  from  time  16.0  to  31-5  hours,  a  total  of  13.5  hours.  It  can  also  be  seen 
that  the  hinged  leaf  gate  goes  from  its  full  up  to  full  down  position  in  2.5 
hours  but  it  goes  back  to  the  full  up  position  in  13  hours  (46.5  -  33.5). 

4.  DESIGN  HEADWATER  AND  TAILWATER  RATING  CURVES  The  design  headwater  and 
tailwater  rating  curves  are  shown  on  Plate  A-l.  These  tailwater  curves  are 
from  the  HEC-2  model  for  the  downstream  reach.  The  headwater  curves  are  based 
on  the  proposed  operating  plan.  The  hinged  leaf  weir  in  its  down  position  is 
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to  form  an  ogee  section  with  a  total  effective  flow  width  of  140.5  ft.  As 
stated  in  the  next  paragraph,  the  ogee  section  is  designed  for  a  headwater  of 
976.5  and  a  discharge  of  11000  cfs.  For  the  headwater  of  976.5,  a  weir 
coefficient  of  3.62  was  obtained  from  Figure  249  of  Design  of  Small  Dams.  The 
coefficient  was  varied  for  different  heads  by  Figure  250  of  this  reference  and 
varied  for  the  1:1  upstream  slope  by  Figure  251.  The  weir  coefficient  was 
reduced  for  submergence  by  HDC  111-4.  The  effective  length  of  the  spillway  was 
reduced  for  end  contraction  by  Figure  4  on  page  373  of  Design  of  Small  Dams. 
An  orifice  coefficient  of  0.6  was  used  for  the  tainter  gates.  The  total  flow 
area  used  for  the  tainter  gates  was  642  square  feet.  If  the  tainter  gates  were 
open  for  low  headwater  elevations  or  opened  before  the  hinged  leaf  gate  were 
lowered  (both  of  these  conditions  are  not  in  accordance  with  the  operating 
plan),  flow  through  them  could  be  weir  flow,  this  condition  was  checked  using 
a  weir  coefficient  of  3.0  and  a  weir  elevation  at  the  gate  sill  of  964.6. 

5.  SPILLWAY  CREST  SHAPE  The  existing  spillway  is  an  ogee  crest  and  the 
proposed  spillway  is  also  to  have  an  ogee  section.  The  ogee  section  is  the 
most  hydraulically  efficient  and  thus  minimizes  the  required  lowering  of  the 
existing  spillway.  Various  combinations  of  discharges  and  gate  settings  were 
considered  to  determine  the  worst  case  for  the  spillway  design.  For  the  design 
peak  discharge  of  22000  cfs,  the  hinged  leaf  is  to  be  in  the  full  down 
position  and  the  three  tainter  gates  are  to  be  full  open.  For  the  gates  in 
this  position,  the  head  drop  across  the  structure  is  less  than  1.5  ft  for  all 
discharges  (see  Plate  A-l)  and  from  HDC  111-4  it  was  found  that  there  would 
either  be  a  drowned  jump  or  no  jump  at  all.  For  these  conditions  the  exact 
shape  of  the  crest  is  not  of  much  importance  since  a  jet  never  forms  or  only 
follows  the  crest  for  a  short  distance.  The  most  severe  case  for  the  crest 
shape  is  when  the  hinged  leaf  gate  is  full  down  but  -  the  tainter  gates  are 
still  fully  closed.  For  the  proposed  operating  plan  this  corresponds  to  a 
discharge  of  11000  cfs,  a  headwater  of  976.5  and  a  tailwater  of  973.0  (see 
Plate  A-l).  The  tailwater  of  973.0  is  based  on  low  frictions  factors 
downstream  of  the  dam  since  that  is  the  most  severe  case-highest  head 
differential.  The  crest  shape  is  shown  on  Plate  A-2.  The  design  is  based  on 
Figure  247  of  Design  of  Small  Dams.  The  procedures  used  to  determine  the  type 
of  flow  conditions  through  the  tainter  gates  followed  those  suggested  in 
Chapter  5  of  the  draft  EM  on  Hydraulic  Design  of  Navigation  Dams. 

EROSION  PROTECTION 

6.  Tainter  Gates.  Erosion  protection  includes  required  modifications  to  the 
existing  stilling  basins  and  riprap/gabion  protection  downstream.  The  flow 
through  the  tainter  gates  and  over  the  spillway  were  treated  separately.  The 
following  conditions,  or  combinations  of  these  conditions,  were  examined: 
hinged  leaf  gate  up,  hinged  leaf  gate  down,  all  three  tainter  gates  full  open, 
all  three  tainter  gates  open  one-fourth,  one  tainter  gate  full  open,  one 
tainter  gate  open  one-half  and  one  tainter  gate  open  one-fourth.  Note  that 
several  of  these  conditions  should  never  occur  if  the  proposed  operating  plan 
is  followed.  However,  these  conditions  were  studied  in  part  to  determine  an 
acceptable  operating  plan  and  are  discussed  here  in  order  to  show  the  possible 
Impacts  if  the  operating  plan  is  not  followed.  Based  on  this  study  it  was 
found  that  if  the  tainter  gates  were  opened  while  the  hinged  leaf  gate  was  in 
the  up  position,  the  tailwater  below  the  tainter  gates  would  almost  always  be 
too  low  for  a  hydraulic  jump  to  form.  This  was  based  on  the  proposed  stilling 
basin  at  elevation  962.0.  This  elevation  is  the  same  as  the  channel  bottom 
through  the  downstream  bridge  and  is  1.0  ft  below  the  elevation  of  the 
existing  end  sill.  Using  a  higher  elevation  than  962.0  would  it  more  difficult 
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to  Insure  a  jump  downstream  of  the  gates.  Using  a  lower  elevation  would  create 
a  need  for  transitions  from  the  existing  basin  to  the  extension  and  from  the 
concrete  extension  to  the  channel  bottom  under  the  bridge.  The  proposed  plan 
is  to  add  a  concrete  pad  to  the  end  of  the  existing  stilling  basin.  This  pad 
is  to  work  as  an  extension  of  the  existing  basin.  Thus,  the  pad  should  be  at 
a  somewhat  similar  elevation  as  the  existing  basin  to  insure  that  they  work  as 
one.  The  required  tailwater  elevations  for  the  tainter  gates  if  the  hinged 
leaf  is  in  the  up  position  are  shown  on  Plate  A-3.  Prom  this  plate  it  can  be 
seen  that  the  only  gate  position  that  results  in  an  acceptable  tailwater  is  if 
all  three  tainter  gates  are  open  one-fourth  and  the  pool  elevation  is  above 
about  979*0.  This  plate  does  not  show  the  required  tailwater  curves  for  the 
case  where  only  one  of  the  tainter  gates  is  being  operated  and  the  other  two 
are  left  closed.  This  is  because  the  required  tailwater  is  even  higher  than 
for  all  three  gates  operated  together.  The  fact  that  the  tailwater  is 
inadequate  for  a  jump  downstream  of  the  tainter  gates  if  the  hinged  leaf  is  in 
the  full  up  position  is  verified  by  the  existing  conditions  downstream  of  the 
tainter  gates.  For  existing  conditions  the  utility  company  has  found  that 
opening  the  tainter  gates  results  in  a  very  high  velocity  downstream  with 
attendant  displacement  of  very  large  riprap  and  excessive  scour.  For  proposed 
conditions  the  velocities  downstream  of  the  tainter  gates  would  be  even  worst 
than  existing  if  the  hinged  leaf  gate  were  left  up  when  the  tainter  gates 
were  opened.  This  is  because  the  tailwater  would  be  lower  for  proposed 
conditions  since  the  downstream  channel  is  to  be  enlarged. 

7.  Based  on  the  above  study  it  was  considered  necessary  to  require  that  the 
tainter  gates  not  be  opened  until  the  hinged  leaf  gate  be  in  the  full  down 
position.  With  the  hinged  leaf  lowered  before  the  tainter  gates  are  opened  it 
was  found  that  there  would  be  adequate  tailwater  to  get  a  hydraulic  jump  below 
the  tainter  gates  as  long  as  the  tainter  gates  are  closed  before  the  pool 
recedes  below  normal  pool  elevation  of  974.1,  as  shown  on  Plate  A-4.  Prom  this 
plate  it  can  be  seen  that  if  the  three  tainter  gates  were  open  when  the  pool 
elevation  dropped  below  about  972  (5600  cfs),  the  available  tailwater  would  be 
less  than  that  needed  for  a  jump  to  form  below  the  tainter  gates.  Without  this 
jump  the  jet  from  the  gates  could  attack  the  channel  downstream  of  the 
concrete  protection. 

a.  To  determine  the  required  length  of  stilling  basin  and  erosion  protection 
downstream  of  the  tainter  gates,  two  conditions  were  examined:  all  three 
tainter  gates  full  open  and  only  one  tainter  gate  full  open  with  the  other  two 
closed.  Both  of  these  conditions  also  assume  the  hinged  leaf  gate  full  down. 
The  worst  case  for  the  stilling  basin  design  (longest  basin)  was  found  to  be 
for  the  design  discharge  of  22000  cfs  and  all  three  tainter  gates  full  open. 
For  this  case  the  low  friction  tailwater  is  977.6  and  the  corresponding 
headwater  is  979.4.  This  condition  gave  a  Froude  number  of  3.0  and  a  velocity 
of  30-3  fps  for  the  flow  entering  the  basin.  The  end  sill  velocity  is  6.1  fps 
and  the  required  basin  length  is  63.6  feet  from  Figure  B-15  of  Design  of 
Small  Dams.  For  low  Froude  numbers,  a  USER  Type  1  basin  is  acceptable  as  shown 
on  page  396  of  Design  of  Small  Cams.  For  the  design  flow  the  existing  baffle 
blocks  were  not  considered  effective  due  to  the  high  tailwater  submergence  and 
Froude  number.  The  highest  end  sill  velocity  was  6.1  fps  for  the  condition 
when  all  three  tainter  gates  are  full  open,  the  hinged  leaf  gate  is  down  and 
the  headwater  is  at  974.4.  The  reason  that  a  headwater  of  974.4  gives  the 
worst  end  sill  velocities  can  be  seen  from  the  headwater  curve  for  the  three 
open  tainter  gates  on  Plate  A-4.  From  this  curve  it  can  be  seen  that 
headwaters  above  974.4  do  not  increase  the  discharge  through  the  tainter  gates 
significantly  but  do  increase  the  flow  over  the  hinged  leaf  gate.  This  results 
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in  a  higher  tailwater  and  lower  end  sill  velocities  for  the  higher  headwater 
elevations.  According  to  the  operating  plan  the  tainter  gates  should  not  be 
open  when  the  headwater  is  at  974.4,  however,  using  that  for  the  design  does 
not  significantly  change  the  erosion  protection  but  does  add  a  factor  of 
safety  in  case  the  gates  are  not  always  operated  as  planned. 

9.  Hinged  Leaf  Gate.  It  was  decided  that  for  cost  reasons  the  proposed  design 
would  use  as  much  of  the  existing  stilling  basin  as  possible.  The  basin  for 
the  hinged  leaf  spillway  was  set  at  the  same  elevation  as  proposed  for  the 
tainter  gates.  For  this  basin  elevation  the  tailwater  is  adequate  to  form  a 
jump  downstream  of  the  spillway  for  any  assumed  operation  of  the  tainter 
gates,  see  Plate  A-5.  For  flows  less  than  7600  cfs  the  jet  would  strike  the 
basin  floor  upstream  of  the  existing  baffle  blocks,  see  Plate  A-6.  For  these 
conditions  the  required  tailwater  depth  was  reduced  to  0.9  d 2  to  give  credit 
to  the  blocks.  The  profiles  on  Plate  A-7  assume  that  the  gate  is  operated  to 
maintain  a  pool  of  976.5,  per  the  operating  plan.  If  the  gate  were  lowered  too 
fast  and  the  pool  was  drawn  down  below  976.5,  there  would  be  a  greater 
certainty  of  a  jump  forming  for  all  flows.  Conversely,  if  the  gate  were 
lowered  too  slowly  and  the  pool  were  allowed  to  go  above  976.5  before  the  gate 
was  fully  down,  the  performance  in  the  stilling  basin  could  suffer. 

10.  The  worst  case  for  the  stilling  basin  design  is  a  discharge  of  11,000 
cfs  at  a  pool  of  976.5  and  a  tailwater  of  973.0.  This  resulted  in  a  maximum 
velocity  of  27.4  fps  ,  a  Froude  number  of  2.85  and  a  d2  of  10.2  feet.  The 
existing  baffle  blocks  were  not  considered  effective  for  the  higher  discharge 
due  to  the  low  Froude  number  and  the  high  submergence.  For  low  Froude  numbers 
the  USER  recommends  a  type  1  basin.  This  type  of  basin  is  a  flat  concrete  slab 
without  an  end  sill.  The  required  length  was  determined  for  different  flow 
conditions  from  Figure  B-15  of  Design  of  Small  Dams.  The  longest  computed 
length  was  53  ft.  A  length  of  64  ft  was  needed  below  the  tainter  gates  and  the 
same  length  is  proposed  below  the  hinged  leaf  gate.  Thus,  the  concrete  slab  is 
to  go  the  full  width  of  the  channel.  A  sketch  of  the  proposed  design  is  shown 
on  Plate  A-7. 

11.  The  maximum  velocity  over  the  end  sill  downstream  of  the  spillway  was 
computed  to  be  7.6  fps.  This  is  the  same  as  the  velocity  through  the  bridge 
just  downstream  of  the  dam  and  therefore  the  erosion  protection  proposed  for 
the  channel  bottom  under  the  bridge  should  be  adequate  at  the  end  sill.  The 
protection  under  the  bridge  was  sized  using  the  high  turbulence  curve  of  HDC 
712-1.  This  same  protection  is  to  be  used  downstream  of  the  slab  at  the 
tainter  gates. 

12.  VIBRATION-PRESSURE  To  reduce  the  chance  of  flow  induced  vibration 
of  the  hinged  leaf  gate,  flow  splitters  are  to  be  used.  Spacing  should  be  50 
to  70  percent  of  the  fall  height  or  about  7  feet  since  for  low  discharges  the 
fall  height  is  about  12  feet,  see  Plate  A-7.  The  recommended  spacing  is  from 
an  article  by  Schwartz  in  the  November  1964  ASCE  Journal  of  Hydraulic 
Engineering.  Even  with  the  splitters  there  could  still  be  some  vibrations  and 
pressure  pulses;  this  is  to  be  considered  in  the  structural/mechanical  design 
of  the  gates. 


CHANNEL  DESIGN 

13.  GENERAL  The  Zumbro  River  channel  is  to  be  deepened  and  widened  from 
just  downstream  of  the  Silver  Lake  dam  to  the  Third  Ave  bridge.  The  design 
presented  in  this  Feature  Design  Memorandum  is  a  refinement  of  the  design 
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presented  in  the  1982  General  Design  Memorandum.  The  hydraulic  study  for  this 
PDM  included  a  study  of  different  designs  to  determine  the  most  cost  effective 
design.  The  study  also  included  refinements  to  this  design  needed  for 
geotechnical,  structural  or  layout  reasons.  Normally  the  cost  effective 
analysis  is  done  in  the  General  Design  Memorandum  hydraulic  studies,  however, 
as  stated  on  page  A-l  of  the  1982  GDM,  this  analysis  was  delayed  until  the 
feature  design  memorandums  for  this  project.  The  proposed  work  does  not 
include  any  high  levees  or  floodwalls.  In  one  area,  the  right  bank  from  about 
station  175+00  to  182+00,  the  proposed  sheet  pile  wall  is  to  project  slightly 
above  the  natural  ground  level  to  „nsure  adequate  freeboard.  The  proposed 
design  includes  riprap  and  gabion  scour  protection.  The  gabions  are  proposed 
at  the  North  Broadway,  Center  Street  and  railroad  bridges.  Anticipated 
hydraulic  studies  for  the  plans  and  specifications  include  determining  the 
impact  of  changes  to  the  design  that  others  may  propose.  The  geotechnical 
engineers  have  indicated  that  some  of  the  proposed  1V:2H  rock  fill  slopes  will 
probably  have  to  be  changed  to  a  flatter  slope  for  stability.  Also,  the 
proposed  gabions  are  expected  to  have  a  very  high  maintenance  cost  and 
hydraulic  alternatives  should  be  examined  again  for  the  plans  and 
specifications. 

14.  DESIGN  DISCHARGE  AND  FREQUENCY  The  total  Rochester  flood  control 
project  includes  channel  modifications  within  the  city  proposed  by  the  Corps 
of  Engineers  and  a  series  of  small  reservoirs  proposed  by  the  Soil 
Conservation  Service.  These  reservoirs  are  proposed  for  the  tributaries  to  the 
South  Fork  Zumbro  River.  The  combination  of  the  channel  work  and  the 
reservoirs  is  intended  to  provide  protection  from  the  same  flood  discharges 
used  in  the  Phase  1  and  Phase  2  General  Design  Memorandums.  At  the  time  of 
the  Phase  1  report  these  discharges  were  estimated  to  be  the  1  percent  (100- 
year)  flood.  Reanalysis  of  the  frequency  curves  for  the  Phase  2  report 
resulted  in  these  discharges  having  a  decreased  likelihood  of  occurring.  Thus, 
the  project  will  now  provide  protection  from  floods  in  excess  of  the  100-year. 
Details  on  the  frequency  analysis  are  shown  in  Appendix  D  of  the  Phase  2  GEM. 
For  reach  lb  the  various  design  discharges  and  frequencies  are  shown  in  Table 
A-3. 


TABLE  A-3 

REACH  IB  DESIGN  DISCHARGES 

Location  Design  Discharge  Frequency  of  Occurrence 


Silver  Lake  Dam  to  Silver  Creek  22,000  cfs  0.5^“  200  year 
Silver  Creek  to  Bear  Creek  21,500  cfs  0.455f  -  220  year 
Upstream  of  Bear  Creek  16,800  cfs  0.5^  -  200  year 


15.  FREEBOARD  For  this  project,  freeboard  is  considered  the  vertical 
distance  between  the  design  flood  profile  and  the  elevation  where  significant 
damages  start.  The  design  flood  is  allowed  to  exceed  the  top  of  bank  elevation 
Is  some  areas  as  long  as  it  does  not  create  significant  flooding  damages. 
Shallow  flooding  of  roads  was  not  considered  significant  damage.  The  hydraulic 
design  attempted  to  provide  a  minimum  of  2.0  feet  of  freeboard.  However,  this 
was  not  always  obtained.  In  some  areas  the  freeboard  Is  close  to  zero.  The 
buildings  with  less  than  2.0  feet  of  freeboard  are  all  located  some  distance 
from  the  channel  and  should  not  be  subjected  to  high  velocities.  When 
determining  the  required  freeboard,  the  nature  of  the  proposed  modifications 
and  of  the  design  flood  hydrograph  were  considered.  Because  the  proposed  work 
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is  channel  modification  rather  than  levee/floodwalls  the  consequences  of 
flood  stages  slightly  in  excess  of  the  design  should  not  be  catastrophic.  This 
allows  the  use  of  lessor  freeboard.  Also,  the  design  flood  hydrograph  has  a 
very  sharp  peak  and  thus  the  duration  of  flooding  is  small.  While  the  short 
duration  of  flooding  has  little  impact  on  the  damages  to  residences  or 
commercial  establishments  it  does  make  shallow  flooding  of  roads  of  less 
importance.  The  design  hydrograph  at  the  Silver  lake  Dam  peaks  at  22,000  cfs 
and  only  exceeds  a  discharge  of  18,000  cfs  for  6  hours.  The  exact  locations  of 
low  freeboard  areas  are  provided  in  the  later  parts  of  this  appendix. 

16.  CHANGES  PROM  THE  PHASE  2  GDM  The  proposed  channel  design  is  very 
similar  to  that  presented  in  the  Phase  2  GEM.  The  changes  that  have  been  made 
include  some  minor  changes  in  alignment  and  size  made  for  layout 
considerations,  a  general  lowering  of  the  channel  bottom  with  an  attendant 
narrowing  of  the  channel  bottom,  the  addition  of  a  bikepath  along  the  right 
bank  and  changes  in  some  of  the  side  slopes.  The  lowering  of  the  bottom  is 
discussed  in  detail  in  the  next  paragraph  of  this  appendix.  The  City  of 
Rochester  proposed  a  bikepath  along  the  right  bank  that  goes  under  the 
Seventh  St,  Center  St  and  Third  Ave  bridges.  This  bikepath  was  added  to  the 
HEC-2  model  and  was  found  to  have  very  little  impact  on  flood  profiles  and 
velocities  and  was  accepted  for  the  design.  A  higher  wall  was  added  along  the 
right  bank  in  the  area  of  the  cemetery  (about  station  170+00  to  174+50)  in 
order  to  keep  the  top  width  narrow  and  to  improve  aesthetics.  The  right  bank 
slope  from  the  RR  bridge  to  Center  Street  was  changed  from  a  vertical  wall  to 
a  riprapped  slope.  This  was  done  due  to  higher  bed  rock  elevations  in  this 
area  than  were  anticipated.  The  high  bed  rock  made  driving  of  sheet  pile 
impractical.  The  right  bank  in  the  Mayo  Park  area  (about  station  188+00  to 
193+00)  was  changed  from  a  1V:3H  riprapped  slope  to  a  1V:2H  rock  fill.  This 
was  dene  to  minimize  the  fill  in  this  area  since  the  existing  bank  is  steeper 
than  1V.-2H.  The  right  bank  area  at  Mayo  Park  may  go  back  to  a  flatter  slope 
for  the  plans  and .  specifications  since  the  1V:2H  slopes  may  not  be  stable. 

17.  COST  EFFECTIVE  ANALYSIS 

As  part  of  the  hydraulic  analysis  for  this  reach  a  cost  effective 
analysis  was  done.  This  analysis  looked  at  three  different  channel  designs: 
the  design  shown  in  the  Phase  2  GDM,  a  design  with  a  lowered  and  narrowed 
bottom,  and  a  design  with  different  side  slopes  than  the  Phase  2  design.  All 
three  of  these  were  to  be  designed  to  provide  the  same  design  flood  profile. 
The  costs  of  the  three  alternatives  were  developed,  the  costs  for  all  three 
were  fairly  close  but  the  lowered  bottom  alternative  had  the  least  cost  and 
was  selected.  As  discussed  in  the  paragraph  19,  the  study  by  WES  had 
recommended  a  lowering  of  the  bottom  since  their  model  predicted  scour  for  the 
Phase  2  design  in  this  reach.  The  Phase  2  and  the  new  design  bottom  slopes  are 
shown  in  Table  A-4. 
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TABLE  A-4 

PHASE  2  AND  PROPOSED  BOTTOM  SLOPES 


Bottom  Slope  Bottom  Elevation 


Location 

Phase  2 

Present  Design 

Phase  2 

Present  : 

Silver  Lake  Dam 

962.8 

962.8 

to 

.001538 

.001538 

Sta  154+05 

967.0 

967.0 

to 

.001179 

.000806 

Sta  186+10 

970.8 

969.6 

to 

.000376 

.000806 

Sta  214+71(Reach  2a) 

971.9 

971.9 

to 

.000376 

.000376 

Sta  221+46 (Reach  2a) 

972.1 

972.1 

The  maximum  lowering  of  the  bottom  is  at  station  186+10,  where  the  difference 
is  1.2  feet. 

18.  A  potential  problem  with  doing  the  cost  effective  analysis  reach  by  reach 
instead  of  for  the  total  project,  is  that  the  hydraulic  design  of  one  reach 
depends  on  the  design  of  adjacent  reachs.  For  the  analysis  done  for  this  reach 
it  was  assumed  that  the  design  water  surface  elevations  at  the  confluence  with 
Bear  Creek  and  at  the  upstream  end  of  the  reach  could  not  be  changed  from 
those  used  in  the  Phase  2.  These  elevations  are  the  starting  elevations  for 
the  Bear  Creek  design  and  for  the  reach  2a  design.  However,  for  this  project 
different  reachs  are  fairly  independent  and  doing  a  cost  effective  analysis 
reach  by  reach  appears  to  be  acceptable.  The  reachs  are  fairly  independent 
because  of  the  way  they  were  broken  up  and  because  of  the  high  velocities  and 
steep  slopes  in  this  project.  The  break  between  this  reach  and  the  next  reach 
upstream,  2a,  is  the  point  where  the  Phase  2  channel  design  makes  a 
significant  change  from  mostly  riprap  slopes  with  a  sand  bottom  to  a  channel 
with  concrete  sides  and  a  rock  bottom  in  reach  2a.  The  downstream  end  of  reach 
lb  is  at  the  Silver  Lake  dam  and  is  a  natural  point  for  the  break  in  reachs. 

19.  SEDIMENT  ANALYSIS  As  part  of  the  Phase  2  study,  a  sediment  analysis 
was  performed  by  the  Waterways  Experiment  Station.  The  report  was 
"Sedimentation  Study  for  the  Rochester,  Minnesota,  Flood-Control  Project,"  by 
David  T.  Williams,  October  1983*  MP  HL-83-7.  The  study  was  dene  using  the  HEC- 
6  program.  The  report  generally  found  that  the  design  presented  in  the  Phase 
2  Memorandum  would  not  be  adversely  affected  by  sedimentation  or  generalized 
scour  and  that  the  sediment  removal  maintenance  requirements  would  be 
reasonable.  The  sediment  study  found  that  a  low  flow  channel  was  not  needed 
for  reach  lb  since  for  low  flow  the  entire  reach  is  in  the  pool  of  the  Silver 
Lake  dam.  The  model  did  predict  some  general  bed  scour  in  the  reach  from  the 
C&NW  RR  bridge  in  this  reach  to  the  4th  bridge  which  is  Just  upstream  of  this 
reach.  The  present  design  has  lowered  the  bottom  elevation  in  this  area  and 
this  should  reduce  the  amount  of  scour  and  subsequent  deposition  in  Silver 
Lake.  Lowering  of  the  bottom  in  this  area  was  recommended  by  Mr.  Williams. 
Since  the  changes  to  the  design  have  been  in  the  direction  recommended  by  the 
WES  study,  the  HEC-6  model  was  not  rerun  with  the  new  geometry.  If  significant 
changes  are  made  to  other  reachs  it  is  anticipated  that  the  HEC-6  model  for 
the  entire  project  will  be  modified  and  rerun. 
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20.  DESIGN  DIMENSIONS  AND  CONSIDERATIONS 


The  following  paragraphs  discuss  the  hydraulic  design  in  detail  for  each 
portion  of  this  reach.  These  paragraphs  detail  the  points  where  freeboard  is 
at  a  minimum.  These  points  control  the  channel  design.  The  HEC-2  input  and 
output  for  the  design  flood  is  included  as  an  attachment  to  this  appendix. 
The  comment  cards  in  the  model  include  the  design  channel  dimensions  for  each 
cross-section.  In  some  cases  one  bank  of  a  section  may  have  two  parts,  for 
example  a  riprapped  slope  up  to  a  vertical  wall;  in  those  cases  the  comment 
cards  just  state  the  more  significant  of  the  two  parts.  The  loss  coefficients 
used  for  the  channel  and  the  bridges  are  shown  in  the  input  and  output.  The 
Mannings  "n"  used  for  the  channel  was  .035.  The  impact  of  use  of  a  lower 
friction  factor  was  also  checked  using  an  "n”  of  .025.  The  starting  water 
surface  for  the  low  '*nM  profile  was  taken  from  the  headwater  rating  curve  for 
the  Silver  Lake  dam  that  was  based  cn  low  tailwater.  The  computed  velocities 
for  the  low  "n"  run  are  shown  cn  Plate  A-8.  Froude  numbers  were  computed  for 
each  section  where  the  velocity  exceeded  10  fps.  The  highest  velocity  and 
Proude  numbers  were  through  the  D.M  &  E  RR  bridge  and  were  14.0  fps  and  .74. 
This  Proude  number  is  sufficiently  below  1.0  to  assure  there  will  not  be 
excessive  wave  action  or  instability.  However,  this  bridge  is  a  significant 
restriction  and  if  replaced  in  the  future  it  should  have  a  larger  opening. 

21.  North  Broadway  Bridge.  The  channel  size  and  erosion  protection  for  this 
bridge  were  determined  in  the  reach  la  study.  The  proposed  channel  size  is 
that  which  fits  the  existing  opening.  Prom  Table  A-7  of  the  Phase  2  GDM,  the 
design  velocity  through  the  bridge  is  7.3  fps.  Prom  the  high  turbulence  curve 
of  HDC  712-1,  a  riprap  minimum  W50  of  27  pounds  is  needed.  For  a  turbulent 
condition,  ETL  1110-2-120  recommends  a  layer  thickness  of  21  inches  to  get  the 
required  W50.  When  the  required  filter  thickness  was  added  to  the  riprap 
thickness  It  was  determined  that  the  total  thickness  was  too  great  for  the 
existing  bridge  footings.  Excavating  to  install  the  riprap  and  filter  would 
undermine  the  footings  so  much  that  the  bridge  might  not  be  stable.  It  was 
therefore  decided  to  use  18-inch  gabions  for  the  erosion  protection  and  that 
is  what  is  proposed  in  this  memorandum.  However,  there  are  two  basic  problems 
with  gabions,  one  is  that  they  are  more  expensive  to  install  than  riprap  and 
the  other  is  that  they  can  deteriorate  rapidly.  In  some  cases  they  need  repair 
after  as  little  as  five  years.  For  plans  and  specifications  the  gabion/riprap 
protection  for  this  bridge  will  be  reexamined.  It  is  possible  that  a  riprap 
and  filter  with  the  same  thickness  as  the  proposed  18-inch  gabions  and  9”inch 
bedding  would  provide  adequate  protection  and  a  longer  life. 

22.  Silver  Lake  Dam.  An  earlier  part  of  this  appendix  discusses  the  proposed 
changes  to  this  dam  in  detail. 

23.  Silver  Lake  (sta  127+00  to  151+30).  The  proposed  project  includes  dredging 
of  a  channel  through  Silver  Lake.  There  is  sediment  deposition  in  this  lake 
for  existing  conditions  and  requires  periodic  dredging  by  the  city.  The 
proposed  dredging  is  needed  to  lower  the  water  surface  profile.  Additional 
modifications  to  the  Silver  Lake  dam  to  lower  the  headwater  further  and  reduce 
or  eliminate  the  need  for  dredging  the  lake  are  not  cost  effective.  The 
proposed  lowering  of  the  crest  of  the  dam  is  about  the  maximum  allowable 
without  replacing  the  total  spillway  structure.  An  HEC-2  analysis  of  the 
impacts  of  not  dredging  was  dene  and  was  found  to  raise  the  design  profile  by 
almost  1.0  foot.  Other  points  of  interest  in  the  hydraulic  design  of  this 
portion  of  reach  lb  are:  -The  alignment  of  the  proposed  channel  through  the 
lake  has  changed  in  two  places  from  that  shown  in  the  Phase  2.  The  alignment 
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has  been  changed  to  provide  a  stralghter  approach  to  the  Sliver  Lake  dam.  This 
required  a  slight  narrowing  of  the  channel  just  upstream  of  the  dam  to 
eliminate  excavation  of  the  right  bank  of  the  lake.  This  slight  narrowing  was 
found  to  have  very  little  impact  on  the  design  flood  profile.  The  other 
change  in  the  alignment  was  to  smooth  out  the  curve  (increase  the  radius)  of 
the  proposed  channel  at  about  station  149+00.  -The  starting  water  surface 
elevation  for  the  HEC-2  model  was  based  on  the  rating  curve  for  the  Silver 
Lake  dam.  The  headwater  curve  for  the  dam  gives  the  energy  grade  line 
elevation.  -The  minimum  freeboard  for  this  area  is  at  cross-section  37, 
station  138+00.  There  are  some  residences  on  the  left  side  of  the  lake  and 
across  12TH  St  NE  from  the  lake  that  are  located  on  ground  at  about  elevation 
981.0.  The  design  profile  at  this  section  is  980.1.  Several  areas  where  the 
roadway  around  the  lake  would  have  shallow  flooding  at  the  design  flood  peak. 
-The  projected  maintenance  dredging  requirements  were  estimated  the  sediment 
study  done  by  WES  to  be  1900  cu  yd/yr  after  the  upstream  channel  had  reached  a 
stable  condition.  The  prediction  was  that  the  first  5  to  10  years  could 
average  10,300  cu  yd/yr  as  the  channel  stabilized.  The  estimated  existing 
average  annual  dredging  is  7300  cu  yd.  The  lowering  of  the  channel  in  the 
upper  portion  of  reach  lb  from  that  used  in  the  Phase  2  design,  should  help 
the  channel  to  stabilize  sooner  so  the  10,300  cu  yd/yr  is  considered  to  be  on 
the  high  side  for  the  estimate  for  the  first  5  to  10  years. 

24.  Silver  Lake  to  7TH  St  Bridge  (sta  151+30  to  156+70).  This  portion  of  the 
reach  has  been  widened  from  a  bottom  width  of  175  feet  in  the  Phase  2  GDM  to 
225  feet.  The  new  channel  width  more  closely  matches  the  existing  opening  of 
the  7TH  bridge.  There  is  adequate  room  for  widening  of  the  channel  and  it  was 
found  to  result  in  a  lowering  of  the  design  flood  profile.  It  was  checked  if 
extending  the  225-foot  channel  further  downstream  (to  station  152+50)  would 
lower  the  flood  profile  but  was  found  to  have  very  little  impact,  less  than 
is  very  low  on  the  river  side  (below  the  design  flood  profile).  However,  flood 
damages  to  the  lower  level  of  this  building  are  not  believed  to  be 
significant. 

25.  7TH  St  Bridge.  The  existing  bridge  Is  wide  and  high  and  does  not  require 
replacement  or  raising.  A  10-foot  wide  bike  path  has  been  added  along  the 
right  side  of  the  bridge.  This  bikepath  was  modeled  and  was  found  to  have  very 
little  impact  on  the  design  flood.  The  design  velocity  through  the  bridge  Is 
6.4  fps.  Prom  the  high  turbulence  curve  of  HDC  712-1  the  minimum  W50  is  63 
pounds. 

26.  7TH  St  Bridge  to  Power  Plant  Earn  (sta  157+35  to  169+60).  Ibis  portion  has 
had  the  bottom  lowered  and  narrowed  from  that  shown  in  the  Phase  2  GDM.  The 
bottom  width  was  narrowed  from  230-foot  to  215”foot.  lhe  alignment  and  top-of- 
cut  lines  are  basically  the  same  as  the  Phase  2  design.  The  banks  are  to  be 
rlprapped  since  the  design  velocity  is  about  7  to  9  fps.  The  proposed  design 
includes  flow  in  the  right  side  overbank.  As  seen  in  the  attached  HEC-2 
printout,  for  cross-sections  43  to  45.5  the  amount  of  right  overbank  flow  is 
less  than  400  cfs,  which  is  less  than  255  of  the  total  flow.  This  right 
overbank  area  has  been  encroached  somewhat  by  the  proposed  bikepath  and  fill 
for  the  sanitary  sewer  but  the  impact  on  the  design  profile  was  found  to  be 
insignificant.  The  road  that  follows  the  left  bank  (2ND  Ave  NE)  has  a  low 
point  of  981.8  at  about  channel  station  166+00.  The  design  flood  elevation  at 
this  point  is  981.6.  However,  the  low  ground  around  the  power  plant  buildings 
across  the  street  from  the  river  is  at  about  elevation  §64.0  and  this 
elevation  is  considered  to  be  the  start  of  significant  damage.  The  existing 
channel  bottom  at  the  upper  end  of  this  portion  is  bedrock.  Removal  of  up  to 
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about  4  feet  of  the  bedrock  is  proposed.  It  is  felt  by  the  Corps  geologist 
that  this  amount  of  bedrock  can  probably  be  removed  by  mechanical  means, 
probably  ripping.  Removal  of  this  bedrock  and  of  the  power  plant  dam  is 
considered  a  very  important  part  of  the  flood  control  project. 

27.  Power  Plant  Dam  (sta  169+60).  The  existing  dam  is  used  to  direct  flows  to 
the  power  plant  inlet.  Directing  the  river  flows  past  the  inlet  helps  to  sweep 
debris  from  the  inlet.  The  proposed  channel  design  includes  lowering  the 
channel  bottom  about  4.0  feet,  to  elevation  968.3.  The  channel  bottom  at  this 
location  is  bedrock.  The  existing  dam  is  at  about  elevation  977.5  and  was 
found  to  be  a  serious  impediment  to  flood  flows.  The  proposed  design  calls  for 
removal  of  the  existing  dam  and  no  replacement.  A  short,  2  to  3~foot  high  dam 
that  would  be  used  to  direct  low  flows  past  the  inlet  was  examined,  however, 
the  utility  company  has  said  that  a  replacement  dam  is  not  needed. 

28.  Power  Plant  rfatn  to  Dakota,  Minnesota  and  Eastern  RR  Bridge  (sta  169+60  to 
174+15)  This  portion  of  the  proposed  design  includes  a  wall  on  the  right  bank 
to  minimize  encroachment  into  the  cemetery.  The  wall  will  also  provide  a  more 
pleasing  view  from  the  opposite  side  of  the  river.  The  wall  is  generally  to 
sit  on  the  existing  bedrock  which  is  to  be  cut  to  a  1V:2H  slope.  The  width  of 
the  proposed  channel  in  this  area  is  restricted  by  the  cemetery  on  the  right 
bank  and  by  the  roadway  on  the  left  bank.  The  opening  of  the  railroad  bridge 
also  limits  any  increase  in  width  of  this  portion.  The  proposed  design  calls 
for  a  1V:2H  rockfill  on  the  left  bank.  The  channel  bottom  in  this  segment  has 
bedrock  in  the  lower  portion  but  not  in  the  upper  part. 

29.  Dakota,  Minnesota  and  Eastern  RR  Bridge  (sta  174+15).  As  can  be  seen  from 
the  plot  of  channel  velocities,  Plate  A-8,  this  is  a  very  restrictive  bridge. 
The  bridge  is  high  enough  but  is  narrower  than  the  channel  upstream  and 
downstream  and  has  a  large  total  width  of  piers.  If  this  bridge  is  ever 
replaced  it  should  be  widened  and  the  piers  narrowed.  The  design  velocity 
through  the  bridge  is  14.0  fps  for  the  low  friction  value  HEC-2  run.  From  the 
high  turbulence  curve  of  HDC  712-1  this  would  require  riprap  protection  with  a 
W50  of  at  least  1350  pounds.  Prom  ETL  1110-2-120  the  required  layer  thickness 
with  a  W50  of  at  least  1350  pounds  and  to  protect  against  turbulent  flow  would 
be  about  6.5  feet  thick.  Placement  of  this  thick  a  riprap  layer  plus  bedding 
or  filter  could  undermine  the  existing  piers  and  abutments.  Therefore,  gabion 
protection  is  proposed  using  18-inch  gabicns.  As  discussed  in  the  paragraph  on 
the  North  Broadway  bridge,  the  expected  life  of  gabions  is  much  less  than 
riprap  and  for  the  plans  and  specifications  alternatives  to  the  proposed 
gabions  should  be  reevaluated.  The  required  thickness  of  the  gabion  layer  will 
also  be  reevaluated  since  in  general  the  required  gabion  thickness  is  1/3  to 
1/2  of  the  computed  riprap  thickness,  indicating  the  need  for  a  gabion 
thickness  of  about  3  feet. 

30.  D,  M  &  E  RR  to  Center  Street  Bridge  (sta  174+15  to  184+80).  The  proposed 
design  for  this  portion  of  reach  lb  is  l45“foot  bottom  width  channel  with  a 
vertical  wall  on  the  left  bank  and  a  1V:2.5H  riprap  slope  on  the  right  bank. 
The  Phase  2  GDM  design  had  vertical  walls  on  both  sides  but  it  was  found  that 
having  one  side  sloped  would  save  money  and  still  provide  the  required 
protection.  The  lowering  of  the  bottom  has  helped  to  allow  the  sloped  side. 
The  sloped  side  is  used  on  the  right  because  the  toe  of  the  right  side  is  in 
bedrock  and  construction  of  a  wall  would  be  difficult.  The  present  design 
allows  saving  the  large  City  building  on  the  right  bank.  The  top  of  the  wall 
along  the  left  bank  from  about  station  175+00  to  182+00  is  to  be  slightly 
above  the  ground  elevation  to  provide  3*0  feet  of  freeboard.  Damage  elevation 


A-l  l 


in  the  area  of  the  freeboard  wall  is  above  the  design  water  surface  by  the 
design  freeboard  level,  2.0  feet,  but  the  natural  ground  level  along  the  river 
is  lower  and  the  raised  wall  will  keep  the  design  flow  completely  in  the 
channel. 

31.  Center  Street  Bridge  (sta  184+80).  The  existing  bridge  is  large  and  high 
enough  and  the  only  thing  proposed  is  erosion  protection.  A  bikepath  has  been 
added  to  go  under  the  bridge  on  the  right  side.  This  bikepath  was  found  to 
have  no  significant  impact  on  the  design  flood  elevations.  The  design  flood 
velocity  for  low  friction  is  9.3  fps.  Prom  HDC  712-1,  high  turbulence,  a 
minimum  W50  of  116  pounds  is  needed.  From  ETL  1110-2-120  a  33  to  36  layer 
thickness  is  needed  for  this  min  W50.  Eighteen-inch  gabions  are  proposed  in 
place  of  the  riprap. 

32.  Center  St  to  Bear  Creek  (sta  184+80  to  194+65).  The  proposed  design  in 
this  area  calls  for  a  130-foot  bottom  width  channel  with  a  1V:3H  riprapped 
right  side  and  a  1V:2H  rock  fill  right  side.  The  rock  fill  is  proposed  for  the 
right  side  since  this  bank  calls  for  fill  and  using  a  steeper  slope  reduces 
the  encroachment  in  the  channel  and  thus  reduces  the  amount  of  excavation 
required  an  the  other  bank.  An  analysis  by  the  geotechnical  engineers  near  the 
end  of  the  study  for  this  report  found  that  the  rockfill  section  will  probably 
not  be  stable  due  to  bedrock  which  is  near  the  surface  at  the  toe  of  the 
slope.  A  hydraulic  analysis  was  done  to  determine  what  bottom  would  be  needed 
if  this  slope  were  flattened  to  1V:2.5H.  It  was  found  that  the  bottom  width 
could  be  narrowed  from  130  feet  to  125  feet  if  the  left  bank  is  left  at  1V:3H 
and  the  right  bank  changed  to  1V:2.5H.  It  is  likely  that  the  plans  for  this 
area  will  reflect  the  change  in  the  right  bank  slope.  The  design,  low 
friction,  velocity  in  this  area  is  fairly  high,  about  9  fps,  and  there  Is  a 
sharp  bend  to  the  left.  Thus,  the  required  riprap  size  on  the  right  bank  is 
fairly  large.  The  left  bank  area  is  a  park  and  some  of  the  land  is  at  about 
the  design  flood  elevation,  however,  there  Is  no  significant  overbank  flow  in 
this  area.  Pilling  of  the  left  bank  area  would  have  no  significant  impact  on 
the  design  flood  profile. 

33.  Confluence  with  Bear  Creek  (sta  194+65).  The  hydrology  analysis  for  the 
Phase  2  GDM  found  that  the  Zumbro  River  upstream  of  Bear  Creek  and  Bear  Creek 
do  not  peak  at  the  same  time.  The  Zumbro  design  discharge  downstream  of  Bear 
Creek  is  21500  cfs  and  upstream  it  is  16800  cfs.  The  Bear  Creek  design 
discharge  is  9700  cfs.  The  alignment  for  the  proposed  channel  for  the 
downstream  end  of  Bear  Creek  has  been  changed  somewhat  from  that  shown  in  the 
Phase  2  GDM.  The  currently  proposed  alignment  more  closely  follows  the 
existing  channel  alignment.  The  new  alignment  will  be  less  costly  to 
construct  and  it  Is  felt  that  the  hydraulic  performance  will  be  improved.  The 
Phase  2  alignment  called  for  a  straight  channel  and  would  likely  have  been  a 
high  maintenance  area  as  a  point  bar  would  have  formed.  The  proposed 
protection  under  the  Fourth  Street  bridge  over  Bear  Creek  is  the  same  as  was 
proposed  in  the  Phase  2.  The  protection  under  this  bridge  will  be 
reevaluated  in  the  Bear  Creek  FDM. 

34.  Bear  Creek  to  Third  Ave  Bridge  (sta  194+65  to  205+66).  The  proposed 
channel  in  this  area  has  a  120-foot  bottom  width  and  1V:3H  riprapped  side 
slopes.  The  upstream  end  of  this  portion,  the  Third  Ave  bridge,  is  the 
upstream  end  of  reach  lb.  The  design  discharge  above  Bear  Creek  drops 
significantly  from  21500  to  16800  cfs,  this  results  in  design  velocities  being 
significantly  lower  than  just  downstream  of  Bear  Creek.  The  low  friction 
design  velocity  in  this  area  is  about  7  fps.  The  right  bank  in  this  area  is 
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one  of  the  low  freeboard  problem  areas.  The  low  ground  elevation  at  the  County 
Health  Center  on  the  left  bank  of  Bear  Creek  just  downstream  of  Fourth  Street 
and  at  a  building  on  Third  Ave  S.E.  at  the  corner  with  Third  St  S.E.,  are  both 
at  about  elevation  987.  The  design  water  surface  in  this  area  is  also  at  about 
987.  Both  of  these  buildings  are  at  least  100  feet  from  the  Zumbro  River 
channel  bank.  The  Phase  2  GDM  proposed  replacing  the  existing  Third  Ave  bridge 
(called  Second  Ave  bridge  in  the  Phase  2  GDM)  because  the  low  chord  is  much 
too  low,  however,  the  city  is  presently  considering  replacing  this  bridge  for 
other  reasons.  The  plans  presented  to  date  (31  Dec  86)  include  raising  the  low 
chord  to  989.1  which  is  1.5  feet  above  the  design  flood  headwater  elevation. 
This  is  considered  an  acceptable  design  for  the  flood  control  project.  The 
final  design  for  this  bridge  should  be  included  in  the  FDM  for  the  next  reach, 
2a. 


35.  SENSITIVITY  ANALYSIS  As  has  been  mentioned  in  previous  paragraphs,  the 
HEC-2  model  for  reach  lb  was  also  run  with  low  friction  factors.  The  Mannings 
V  values  used  for  the  design  and  for  the  low  friction  runs  were  the  same  as 
used  in  the  Phase  2  GDM,  .035  for  the  channel  for  design  and  .025  for  low 
friction.  The  channel  velocities  obtained  from  the  low  friction  run  are  shown 
on  Plate  A-8.  The  highest  is  through  the  D,  M  &  E  railroad  bridge  and  is  14.0 
fps.  The  Froude  number  for  this  velocity  in  the  bridge  is  0.74.  The  velocities 
obtained  from  the  low  friction  model  were  used  to  design  the  erosion 
protection  for  the  channel  and  the  bridges. 


36.  EROSION  PROJECTION 

Hie  proposed  channel  bank  riprap  was  sized  using  the  shear  stress  method 
proposed  in  EM  1110-2-1601  and  ETL  1110-2-120.  Riprap  at  bends  was  sized 
taking  into  account  the  increase  in  shear  stresses  at  bends  as  shown  on  Plates 
33  and  34  of  EM  1110-2-1601.  The  required  minimum  layer  thickness  and 
gradation  for  the  riprap  was  computed  for  several  different  locations  but  for 
reasons  of  economy  some  of  the  gradations  that  were  very  similar  were  combined 
and  in  some  areas  a  larger  riprap  than  the  minimum  was  used  to  reduce  the 
number  of  different  gradations.  Also,  for  some  of  the  areas  the  riprap  size 
computed  by  the  shear  stress  and  alpha  method  were  considered  too  small  for 
the  design  velocity  and  the  proposed  size  was  increased.  For  example,  the 
shear  stress  method  said  that  the  minimum  riprap  size,  a  12-inch  layer  with  a 
minimum  W50  of  17  pounds,  was  adequate  for  section  50,  station  179+00,  where 
the  design  velocity  is  10  fps.  Based  on  the  District's  experience  with  erosion 
protection  for  flows  with  this  velocity,  this  was  not  considered  reasonable 
and  the  proposed  riprap  size  was  increased.  It  was  also  increased  since  the 
smai  1  riprap  sizes  are  considered  more  susceptible  to  vandalism,  especially  in 
urban  areas.  The  minimum  12-inch  layer  is  only  proposed  where  the  design 
velocity  (low  friction)  is  less  than  9  fps  and  there  are  no  sharp  bends.  Table 
A-5  is  a  summary  of  the  computed  minimum  riprap  sizes  and  the  recommended 
minimum  sizes. 
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TABLE  A-5 

SUMMARY  OP  MINIMUM  RIPRAP  SIZES 


MINIMUM  RIPRAP  W50  (LAYER  THICKNESS) 
SECTION  STATION  VELOCITY  RADIUS  BY  SHEAR  STRESS  PINAL  RECOMMENEED 


50  179+00 

10.0 

Straight 

17 

lbs 

(12") 

58 

lbs 

(18") 

52.5  188+25 

9.1 

°1000  ft 

17 

lbs 

(12") 

58 

lbs 

(18") 

53 (outside)  190+70 

9.1 

300  ft 

58 

lbs 

(18") 

138 

lbs 

(fill) 

53 . 8 ( outside ) 194+4  5 

8.6 

200  ft 

58 

lbs 

(18") 

138 

lbs 

(24") 

55 (outside)  198+65 

6.9 

200  ft 

17 

lbs 

(12") 

58 

lbs 

(18") 

The  riprap  gradations  are  from  Enel  1  of  ETL  1110-2-120  for  a  stone  with  a 
unit  weight  of  165  pounds  per  cubic  foot. 

37.  Erosion  protection  at  the  bridges  was  sized  using  the  low  friction 
velocity  and  the  high  turbulence  curve  of  HDC  712-1.  For  some  of  the  bridges 
the  required  riprap  plus  filter  or  bedding  was  so  thick  that  it  was  felt  that 
placing  the  protection  would  undermine  the  footings  of  the  bridge  and  their 
stability  would  be  questionable.  In  those  cases  a  thinner  gabion  protection  is 
proposed.  The  proposed  thickness  of  the  gabions  is  1/2  to  1/3  of  the  required 
riprap  thickness.  The  recommended  riprap  size  is  given  for  each  of  the  bridges 
in  the  discussion  of  each  bridge. 

38.  CARE  OP  WATER 

Care  of  water  has  to  do  with  how  flow  in  the  river  is  handled  during  the 
construction  period.  There  are  two  concerns  that  the  care  of  water  plan  has  to 
cover:  protection  of  the  construction  activity  from  flood  flows  and  insuring 
that  the  temporary  measures  used  for  the  care  of  water  do  not  create  the 
potential  for  significant  damages  to  areas  outside  the  construction  area.  It 
Is  the  Corps  policy  that  the  Government  should  assume  the  risk  for  damages  to 
the  construction  activity,  this  is  done  to  reduce  the  bids  of  contractors.  The 
care  of  water  plan  therefore  will  normally  give  the  contractor  a  minimum  top 
of  cofferdam  elevation.  If  the  contractor  builds  the  cofferdam  to  at  least 
that  height  then  if  it  overtops  the  government  will  assume  the  damages.  If  the 
contractor  elects  not  to  build  to  that  elevation  then  he  assumes  any  flood 
damages.  The  rule-of-thumb  that  the  St.  Paul  District  uses  is  to  set  the  top 
of  cofferdam  1  to  2  feet  above  the  cofferdam  design  flood.  The  cofferdam 
design  flood  generally  is  set  as  that  flood  which  has  a  5-10%  chance  of  being 
exceeded  during  the  construction  period.  The  amount  of  freeboard  depends  on 
the  material  used,  1-foot  for  sheet  pile  and  2-foot  for  earth.  The  frequency 
of  the  design  flood  depends  on  the  damages  that  would  be  sustained  If  the 
cofferdam  overtopped,  a  less  frequent  chance  of  overtopping  is  allowed  for 
greater  damages  areas.  The  impact  of  the  cofferdams  on  flood  stages  outside 
the  construction  area  are  computed  and  if  the  stages  for  floods  that  can  occur 
during  the  construction  period  are  significantly  raised  then  the  cofferdam 
scheme  Is  re-examined.  Care  of  water  schemes  other  than  cofferdams  are 
designed  using  the  same  logic  as  the  cofferdam  design.  The  Hydrology  Section 
developed  monthly  frequency  curves  to  use  in  the  design.  They  are  shown  on 
Plates  A~9  to  12.  These  curves  are  based  on  the  historic  records  at  the  USGS 
gage  that  Is  downstream  of  the  city.  To  adjust  the  flows  to  make  them 
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appropriate  for  reach  lb  the  values  on  them  are  multiplied  by  0.9.  This  ratio 
was  obtained  by  comparing  the  all  year  frequency  curves  on  Plates  D-l6  and  17 
of  the  Phase  2  GDM.  Since  these  curves  are  based  on  historical  records,  the 
use  of  them  has  the  implicit  assumption  that  this  reach  will  be  built  prior  to 
the  SCS  reservoirs  becoming  effective. 

39.  Silver  Lake  Dam.  The  proposed  construction  sequence  is  to  cofferdam  the 
tainter  gate  area  first  and  do  the  modifications  to  them.  Then  the  spillway 
area  will  be  cofferdammed  and  the  hinged  leaf  gate  installed.  Hie  present  plan 
calls  for  the  tainter  gate  cofferdams  to  be  in  from  the  middle  of  September  to 
the  end  of  November.  The  spillway  cofferdam  would  be  in  from  the  start  of 
December  to  the  middle  of  February.  If  this  schedule  is  maintained  then  the 
recommended  cofferdam  design  discharges  are  2350  to  4500  cfs  for  the  tainter 
gate  cofferdams  and  1350  to  2700  cfs  for  the  spillway  cofferdams.  The 
development  of  these  design  discharges  is  shown  in  Table  A-6.  The 
corresponding  water  surface  elevations'  for  these  discharges  are  976.9  to  978.5 
for  the  tainter  gate  cofferdams  and  970  to  971.4  for  the  spillway  cofferdam. 
The  tainter  gate  cofferdam  elevations  were  computed  using  the  weir  equation 
for  flow  over  the  existing  spillway  with  a  width  of  140  feet  and  a  weir 
coefficient  of  3.5.  The  spillway  cofferdam  elevations  are  from  the  curve  on 
Plate  A-4  for  all  3  tainter  gates  full  open.  To  get  the  top  of  cofferdam 
elevations,  freeboard  must  be  added  to  the  above  water  surface  elevations. 
Thus,  depending  on  the  type  of  material  used  and  the  damages  that  could  be 
sustained  if  the  cofferdam  overtopped,  the  minimum  tainter  gate  cofferdam 
elevation  (upstream)  should  be  from  978.2  to  981.1  and  the  spillway  cofferdam 
(upstream)  from  971  to  973.2.  The  final  cofferdam  elevations  will  be 
determined  far  the  plans  and  specs,  the  method  used  will  be  as  detailed  here. 
As  long  as  the  construction  is  done  as  scheduled,  the  potential  impacts  on 
upstream  areas  is  considered  acceptable.  When  the  tainter  gate  cofferdams  are 
in,  all  flow  must  pass  over  the  existing  spillway.  A  total  flow  of  about  7000 
cfs  can  go  over  the  spillway  without  exceeding  a  headwater  of  980.0,  this  is 
the  project  design  headwater.  When  the  spillway  cofferdams  are  in,  the  tainter 
gates  can  pass  about  5000  cfs  without  exceeding  a  headwater  of  980. 0.  At  the 
USGS  gage  the  5000  cfs  discharge  for  reach  lb  would  be  5600  cfs  and  the  7000 
cfs  discharge  at  reach  lb  corresponds  to  7800  cfs  at  the  gage.  The  probability 
of  exceeding  a  headwater  elevation  of  980.0  during  the  construction  period  is 
is  about  6%t  as  shown  in  Table  A-7.  This  is  considered  a  reasonable  value, 
especially  since  there  is  no  significant  flood  damage  at  98O.O  and  there  is  no 
sudden  jump  in  damages  if  the  headwater  should  slightly  exceed  980.0. 

TABLE  A-6 

REXXMMENIED  DISCHARGES  FOR  SILVER  LAKE  DAM  COFFERDAM 

Exceedence  Probability  at  This  Discharge  (at  USGS  Gage) 

Month  1500  2600  3000  5000 

Sept  .13  2.75  .065  .038 

Oct  .08  .043  .036  .021 

Nov  .042  .022  .019  .010 

Dec  .035  .017  .015  - 

Jan  .042  .027  .022  — 

Feb  .052  .032  .028  — 

Prob: 

(Sep-Nov)  .18  .099  .085  .049  Use  2600  to  5000  cfs. 

(Dec-Feb)  .100  .059  .050  —  Use  1500  to  3000  cfs. 
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NOTE:  Probability  of  Sep-Nov  is  the  probability  of  the  river  exceeding  that 
discharge  during  the  period  when  the  tainter  gate  cofferdam  is  in.  That  is 
from  the  middle  of  Sep  to  the  end  of  Nov.  The  equation  used  to  compute  the 
value  is: 

P( Sep-Nov)  =  1  -  [(l-.5*P(Sep))*(l-P(0ct) )*(l~.5*P(Nov))] 

The  probability  for  Dec-Feb  was  computed  in  the  same  manner.  The  discharges  in 
the  table  have  to  be  multiplied  by  .9  to  get  the  discharge  for  reach  lb. 


TABLE  A-7 

IMPACT  OF  SILVER  LAKE  COFFERDAMS 

Chance  of  Reaching  Headwater  of  980. 0 
Month  Tainter  Gate  Cofferdam(Q=7800 )  Spillway  Cofferdam(<5=5600) 


Sept 

2.2 % 

N/A 

Oct 

1.3% 

N/A 

Nov 

0.6% 

N/A 

Dec 

N/A 

0.7556 

Jan 

N/A 

1.3? 

Feb 

N/A 

1.656 

Total  Prob  =  1  -  [(l-.5*.022)*(l-.013)*(l-.006)«(l-.0075)*(l“.013)*(l-.5*.0l6)] 
=  .057  =  5.756 


40.  Channel.  The  proposed  care  of  water  plan  for  the  channel  work  does  not 
include  the  use  of  any  major  cofferdams.  The  proposed  plan  is  to  excavate  a 
temporary  channel  along  the  left  side  of  the  existing  channel  first  and  then 
to  do  the  work  on  the  right  bank  side  in  the  dry  when  the  river  is  low  and  in 
the  wet  if  the  river  is  high.  Hie  proposed  plan  should  not  raise  flood  levels 
for  areas  outside  the  construction  area. 

41.  CHANNEL  MAINTENANCE 

Based  on  past  experience  in  widening  and  deepening  channels,  bed 
aggradation  might  be  expected,  resulting  in  a  need  to  periodically  dredge  the 
channel  to  maintain  the  integrity  of  the  project.  However,  the  WES  sediment 
analysis  shows  that  no  bed  aggradation  would  occur  except  in  Silver  Lake, 
which  is  presently  dredged  by  the  city  anyway.  As  a  result,  no  additional  bed 
aggradation  should  occur  as  a  result  of  the  project.  As  a  precautionary 
measure,  a  cross  section  at  station  195+00,  located  Just  downstream  of  the 
confluence  with  Bear  Creek,  should  be  set  up  to  monitor  possible  aggradation 
of  the  channel.  Since  the  bed  of  the  channel  at  this  location  has  been 
lowered  by  about  four  feet  (in  accordance  with  the  recommendation  of  the  WES 
report),  and  because  of  the  nearby  sediment  input  from  Bear  Creek,  this  area 
would  have  the  greatest  potential  to  not  behave  as  predicted  by  the  HEC-6 
model.  This  section  should  be  surveyed  once  every  five  years  and  if  the 
average  bed  elevation  rises  more  than  2  feet  above  the  design  elevation,  the 
channel  should  be  dredged  back  to  this  design  elevation.  Another  monitoring 
station  should  be  set  up  at  station  150+00,  which  is  located  in  Silver  Lake 
approximately  200  feet  downstream  of  the  location  where  the  South  Fork  of  the 
Zumbro  River  widens  to  form  Silver  Lake.  This  section  should  also  be 
monitored  once  every  5  years,  and  if  the  channel  rises  by  more  than  2  feet 
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above  the  design  elevation,  the  channel  should  be  dredged  back  to  this  design 
elevation.  The  amount  of  dredging  required  in  the  lake  should  decrease 
sharply  after  the  project  is  built  because  the  average  annual  amount  of 
sediment  deposited  in  Silver  Lake,  according  to  the  WES  report,  will  decrease 
from  the  current  rate  of  7300  cubic  yards  to  1900  cubic  yards  after  the 
project  is  built. 

42.  Another  possible  result  of  widening  and  deepening  the  channel  would  be  the 
formation  of  sediment  bars  on  alternate  banks  within  the  channel.  If  left  to 
grow,  these  bars  can  have  the  effect  of  raising  the  potential  water  surface 
profile  of  a  flood  by  lengthening  and  constricting  the  channel,  and  can 
increase  the  angle  of  attack  of  the  flow  on  the  bank  opposite  the  bar, 
increasing  the  potential  for  erosion  of  that  bank.  Setting  up  stations  to 
monitor  these  bars  is  not  as  simple  as  monitoring  the  bed  for  general 
aggradation  because  the  location  of  alternate  bars  is  difficult  to  predict  and 
because  the  bars  can  remain  submerged  even  under  low  flow  conditions.  A 
visual  reconnaissance  of  the  entire  reach  should  be  made  five  years  after 
construction  to  determine  if  any  bars  are  present.  If  no  alternate  bars  can 
be  found.  Silver  Lake  should  be  drained  to  determine  if  any  undetected  bars 
are  present.  The  two  foot  criteria  should  be  used  when  determining  if 
dredging  is  necessary. 
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SILVER  LAKE  DAM  MODIFICATIONS  -  GEOTECHNICAL 


ROCHESTER 
APPENDIX  B 

GEOLOGY  AND  GEOTECHNICAL 


1.  GENERAL 

In  the  GDM,  the  Rochester  Flood  Control  Project  was  separated  into  four 
general  reaches: 

1)  Lower  Zumbro,  Sta-4+40  to  126+75. 

2)  Upper  Zumbro,  Sta-126+75“317+50. 

3)  Cascade  Creek. 

4)  Bear  Creek. 

Subsequent  refinement  in  the  subdivision  of  project  reaches  has 
resulted  in  the  limits  of  Reach  IB  extending  from  the  N.  Broadway 
Bridge,  Sta  126+00  to  the  3rd  Ave  SE  bridge  Sta  205+67.  The  reach  also 
includes  the  very  downstream  most  limits  of  Bear  Creek,  from  its 
confluence  with  the  Zumbro,  Sta  0+00,  to  Sta  6+50  at  the  4th  St.  SE 
bridge.  The  primary  Reach  IB  features  include: 

1)  Modifications  to  Silver  Lake  Dam,  Including 

a.  Sheet  pile  cut  off  walls. 

b.  Foundation  Soil  Anchors. 

c.  New  gates  and  mechanical  equipment. 

d.  Concrete  repairs /replacement. 

e.  Downstream  channel  protection,  etc. 


2)  Channel  dredging  through  Silver  Lake  from  Sta  127+00  to  about 

Sta  152+00,  and 

3)  Channel  deepening,  slope  protection,  channel  wall  modification 
and  new  construction,  and  bridge  abutment,  pier  and  wing  wall 
modifications  from  Sta  152+00  to  Sta  205+67  on  the  Zumbro 
River  and  on  Bear  Creek  from  Sta  0+00  to  6+50. 


B-l 


TOPOGRAPHY  AND  GEOLOGY 

2.  A  discussion  of  the  general  topography  of  the  project  area  and 
contributing  drainage  basin  is  presented  to  provide  background  for 
understanding  the  topographic  setting  as  it  relates  to  the  flood  hazard 
at  the  City  of  Rochester  and  how  specific  foundation  conditions  relate 
to  the  total  geologic  environment. 

3.  The  City  of  Rochester  is  located  in  a  maturely  dissected  till 
plain  of  the  Central  Lowlands  physiographic  province.  The  South  Pork 
Zumbro  River  is  joined  by  Bear  Creek,  Silver  Creek  and  Cascade  Creek 
within  the  corporate  limits  of  the  city.  These  streams  have  fairly 
steep  gradients  and  radiate  from  Rochester  to  the  east,  south  and  west 
in  a  well-developed  dendritic  pattern  which  allows  rapid  drainage  from 
the  entire  basin  area  of  304  square  miles  from  Rochester.  As  the  main 
streams  are  joined  by  numerous  tributaries,  their  valleys  become 
increasingly  wider  and  deeper  until  they  are  cut  more  than  200  feet 
below  the  surrounding  uplands.  The  floodplain  of  the  South  Fork  + 
Zumbro  River  varies  from  elevation  960  to  1010  within  the  project 
limits.  Upstream  from  the  mouth  of  Cascade  Creek,  this  floodplain 
coalesces  with  those  of  the  tributaries.  Throughout  most  of  the 
project  area  and  a  short  distance  upstream,  the  floodplains  grade  into 
the  upland  through  gentle  terraces  and  slopes.  Sharp  delineation  of 
individual  floodplains  is,  therefore,  difficult.  Downstream  from  the 
mouth  of  Cascade  Creek,  however,  the  Zumbro  River  valley  is  narrower 
with  sharply  defined  topographic  features.  In  the  city  the  channels 
are  stabilized  with  stone  protection  and  retaining  walls,  and  some 
reaches  are  bordered  by  commercial  and  domestic  structures.  In 
addition,  numerous  bridges  create  obstructions  to  flow  in  the  channels, 
and  two  dams  on  the  Zumbro  River  between  the  mouths  of  Cascade  and  Bear 
Creeks  have  raised  the  natural  water  level  in  that  area.  The  mature 
development  of  the  basin  drainage  and  the  merging  floodplains  provide  a 
natural  environment  for  severe  flood  potential  which  is  aggravated  by 
the  numerous  channel  obstructions. 

4.  The  uplands  in  the  basin  headwaters  and  adjacent  to  Rochester  are 
mantled  by  glacial  drift  that  is  older  than  Late  Wisconsin  (Mankato). 
The  thickness  of  the  drift  is  not  known  but  is  estimated  to  average 
less  than  25  feet.  A  thin  veneer  of  silty  loess  covers  the  drift  in 
the  extreme  northern  and  southern  portions  of  the  basin  above 
Rochester.  The  drift  is  underlain  by  Devonian  and  Grdovocian  shales, 
dolomites  and  limestones,  and  sandstones. 

5.  The  South  Pork  Zumbro  River  and  lower  portions  of  the  tributary 
valleys  were  at  one  time  eroded  to  depths  up  to  60  feet  below  the 
present  floodplains  and  subsequently  backfilled  to  their  present 
levels.  The  deepest  scour  probably  occurred  during  the  Glacial  Epoch 
when  the  discharge  was  greater  and  the  regional  base  level  of  erosion 
was  lower.  The  valley  fill  under  the  project  area  is  primarily  sand 
and  gravel  which  is  capped  by  a  mantle  of  silty  sand,  silt  and  clay  of 
varying  thicknesses  cn  the  floodplains. 

6.  Bedrock  underlying  the  project  area  is  the  Prairie  du  Chien  Group, 


which  is  composed  in  descending  order  of  thin  bedded  dolomite  of  the 
Willow  River  Member  of  the  Shakopee  Formation,  sandstone  of  the  Root 
Valley  Member  and  thin  to  thick  bedded  dolomite  of  the  Oneota 
Formation.  Friable  sandstone  of  the  St.  Peter  Formation  overlies  the 
Shakopee  Formation  and  is  exposed  at  numerous  locations  in  the  vicinity 
of  Rochester  below  elevation  1100.  The  Prairie  du  Chien  Group  is 
underlain  by  thick  units  of  Cambrian  and  Precam brlan  sandstones  with 
lesser  amounts  of  dolomite  and  shale  which  are  well  below  the  influence 
of  the  proposed  construction. 

7.  The  regional  dip  is  to  the  southwest  at  about  ten  feet  per  mile. 
Within  the  project  area,  however,  the  beds  are  essentially  horizontal 
according  to  the  most  recent  available  publication.  Unpublished 
information  obtained  from  the  Minnesota  Geological  Survey  indicates 
that  a  complex  system  of  faults  striking  northwest  and  northeast  may 
exist  in  and  around  Rochester.  If  such  faults  exist,  they  are  inactive 
and  will  neither  impact  nor  be  impacted  by  the  project. 

b.  Ground  water  discharges  into  the  streams  in  the  region.  Within  the 
narrow  limits  of  the  proposed  construction  activity,  however,  the  water 
table  is  essentially  the  same  as  the  river  level.  Any  change  in  the 
river  level  will,  therefore,  result  in  a  corresponding  change  in  the 
nearby  water  table. 

9.  The  courses  of  the  modem  streams  through  Rochester  do  not  follow 
older  channels  known  from  limited  subsurface  data  to  have  been  cut  much 
deeper  into  the  bedrock.  The  South  Fork  Zumbro  River  and  Bear  Creek 
flow  on  thin-bedded  dolomite  for  several  hundred  feet  a  short  distance 
upstream  from  their  confluence,  and  Cascade  Creek  flows  on  the  same 
type  bedrock  a  short  distance  above  its  mouth.  These  bedrock  channel 
bottoms  are  the  effective  base  levels  of  erosion  for  the  upstream 
subbasins  and  from  a  project  perspective  are  considered  the  most 
important  factors  contributing  to  the  contrast  in  valley  form  between 
the  narrow,  well-defined  valley  downstream  from  Rochester  and  the  broad 
valleys  with  their  subdued  features  and  meandering  channels  upstream. 
Although  the  change  in  valley  form  may  also  be  attributed  to  other 
factors  such  as  lateral  erosion  of  the  friable  St.  Peter  Formation 
during  the  Pleistocene,  sedimentation  in  ephermeral  lakes  or  valley 
filling  due  to  the  greater  load  capacities  of  the  numerous  tributaries, 
the  bedrock  base-level  concept  is  the  only  one  that  is  important  in  the 
consideration  of  impacts  created  by  the  project.  Channel  deepening 
will  create  a  change  in  base  level  that  will  result  in  headward  erosion 
on  all  streams  until  a  new  equilibrium  is  established  if  effective 
control  structures  are  not  Installed. 

engineering  geology 

10.  The  most  important  aspects  of  the  site  geology  directly  related  to 
the  engineering  of  the  project  are  the  types  and  distribution  patterns 
of  materials  underlying  the  channels  and  immediately  adjacent 
floodplains  of  the  South  Fork  Zumbro  River,  Bear  Creek  and  Cascade 
Creek.  Although  the  project  covers  considerable  distance  that  is 


characterized  by  variations  in  the  form  and  depth  to  bedrock,  the 
foundation  materials  consist  essentially  of  granular  overburden  resting 
on  thin-bedded  dolomite.  Moreover,  the  most  significant  variable  is 
the  depth  to  bedrock  which  determines  how,  in  this  simple  geologic 
column,  a  given  feature  is  to  be  founded.  Profiles  showing  the  top  of 
bedrock  along  the  proposed  channel  centerline  are  displayed  on  Plates 
16  through  23  in  the  main  report. 

11.  OVERBUREEN 

Overburden  in  the  project  area  is  alluvial  fill  in  the  valleys  of  the 
South  Pork  Zumbro  River  and  its  tributaries.  It  consists  primarily  of 
clean  to  slightly  silty  sands  and  gravels  mantled  by  recent  floodplain 
deposits  of  silty  sand,  silt  and  clay,  man-made  fills  also  comprise  a 
portion  of  the  overburden.  The  materials  are  generally  medium  dense, 
free-draining  and  easily  eroded  by  running  water.  Although  the  general 
character  of  the  overburden  persists  throughout  the  project,  local 
variations  typical  of  stream-valley  sediments  are  evident. 

12.  BEDROCK 

Bedrock  to  be  considered  in  the  engineering  of  the  project  is 
restricted  to  the  Shakopee  Formation  of  the  Prairie  du  Chien  Group. 
Although  the  Oneota  Formation  of  the  same  group  subcrops  below  the 
valley  alluvium  downstream  from  the  mouth  of  Cascade  Creek,  it  is  too 
deeply  buried  to  be  of  interest  except  that  it  may  be  the  foundation 
for  existing  bridge  piling.  Field  Inspection  of  outcrops  and  limited 
data  from  core  borings  were  used  to  develop  general  statements  about 
the  engineering  properties  of  the  Shakopee  Formation.  These 
properties,  or  characteristics,  were  used  to  develop  design  concepts 
presented  in  this  report  and  are  discussed  in  the  following  paragraphs. 

13.  ROCK  TYPE 

The  Shakopee  Formation  represented  within  the  influence  of  the  project 
is  a  thin-bedded,  moderately  hard  to  hard  dolomite.  The  rock  is 
characteristically  weathered  and  fractured  at  the  surface  and  grades  to 
solid,  unweathered  rock.  Bedrock  exposed  along  the  existing  channels 
shows  some  recession  of  softer  seams.  In  general,  however,  the  rock  Is 
surprisingly  durable  in  spite  of  its  fractured,  blocky  structure. 
Bedding  planes  form  gently  undulating  surfaces  with  variations  of  2  to 
3  inches  from  a  smooth  plane.  Rock  permeability  is  high  at  the  bedrock 
surface  due  to  a  high  frequency  of  fractures.  A  low  frequency  of  water 
loss  in  cored  holes,  however,  suggests  that  rock  permeability  decreases 
rapidly  with  depth. 

14.  ROCK  EXCAVATION 

The  results  of  a  study  of  near  surface  rock  characteristics  are 
presented  in  paragraph  33.  Based  on  that  study  and  field  inspection 
of  outcrops,  the  bedrock  is  estimated  to  be  rippable  to  an  average 
depth  of  4.5  feet  with  a  D-9  dozer  and  mounted  hydraulic  No.  9  ripper. 


Some  rock  will  have  to  be  loosened  by  blasting  which  is  the  most 
feasible  method  to  remove  rock  in  the  quantity  required.  Blasting  of 
rock  at  this  project  is  an  extremely  sensitive  operation  due  to  the 
urban  environment  and  proximity  to  structures.  It  must,  therefore,  be 
adequate  to  break  the  rock  but  not  damage  nearby  structures  nor  create 
excessive  concern  among  the  population.  Achieving  these  goals  will 
require  site  calibration  to  determine  charge  weights  and  delay 
patterns,  preconstruction  inspection  of  structures,  education  of  the 
population,  rigidly  enforced  rules  for  the  conduct  of  the  blasting,  and 
vibration  and  air-blast  monitoring.  As  many  as  200,000  short  blast 
holes  may  be  required,  and  charge  weights  per  delay  may  be  limited  to 
less  than  1/2  pound  in  much  of  the  area.  Individual  blasts  in  some 
areas  may  be  limited  to  only  few  delays  to  keep  human  response  at  a 
tolerable  level.  These  factors  combine  to  make  a  tedious  and  expensive 
operation  that  will  require  an  aggressive  public  relations  program. 

15.  SLOPE-FORMING  CHARACTERISTICS  AND  DURABILITY 

The  bedrock  can  be  excavated  to  and  should  retain  almost  any  slope. 
Slopes  formed  by  ripping  will  be  rough  with  a  probable  variation  of  at 
least  one  foot  from  a  neat  line.  Slopes  steeper  than  IV  on  1H  will 
have  to  be  cut  by  methods  other  than  ripping  with  a  dozer.  Soft  seams 
are  present  in  some  areas  and  will  allow  the  rock  to  erode  unevenly. 
Where  permanent  retention  of  slopes  steeper  than  3H  on  lv  is  critical, 
the  slopes  should  be  protected  if  an  eventual  loss  of  up  to  two  feet  of 
slope  cannot  be  tolerated.  Sculpturing  the  rock  to  close  tolerances 
will  require  special  treatment  such  as  line  drilling  or  lightly  loaded 
smooth  blasting.  Smooth  blasting  with  closely  spaced,  small  diameter 
holes  is  preferred  over  preshearing  because  of  the  better  control  of 
overbreak  at  the  tops  of  the  holes  in  the  thin-bedded  and  fractured 
rock  to  be  preserved.  EUe  to  the  uncertainty  of  success  and  additional 
expense  of  cutting,  or  sculpturing,  rock  to  close  tolerances,  designs 
that  require  intricate  rock  excavation  should  be  avoided  if  possible. 

16.  FOUNDATION  QUALITY 

The  bedrock  is  adequate  foundation  for  structures  planned  for  the 
project.  Loose,  fractured  rock  ait  the  bedrock  surface  should  be 
removed,  however,  and  a  buffer  of  rock  left  between  structures  and  rock 
slopes  unless  the  rock  slope  is  permanently  protected  to  prevent 
deterioration. 

17.  ROCK  EXCAVATION  CLOSE  TO  EXISTING  STRUCTURES 

Project  plans  call  for  the  excavation  of  bedrock  to  a  steep  face  as 
close  as  possible  to  some  existing  bridge  piers  and  retaining  walls. 
Such  excavation  must  be  conducted  in  a  manner  that  will  not  endanger 
the  structures.  The  method  recommended  consists  of  placing  the  rock 
between  a  structure  and  the  excavation  line  in  compression  with  a  row 
of  rock  bolts  followed  by  excavation  to  grade  a  safe  distance  from  the 
final  excavation  line.  Excavation  to  the  designated  line  should  be 


conducted  by  hand  trimming  or  lightly  loaded  smooth  blasting.  The 
final  rock  face  must  be  protected  with  a  cover  of  concrete  where 
subjected  to  frequent  or  continuous  erosion  such  as  around  a  bridge 
pier  or  elsewhere  if  the  quality  of  the  completed  rock  face  is  too  poor 
for  long-term  durability. 

18.  CHARACTER  OP  EXCAVATED  ROCK 

Rock  excavated  for  widening  and  deepening  the  stream  channels  is 
expected  to  be  slabby  and  have  an  average  thickness  of  less  than  6 
inches.  This  thin,  slabby  character  will  limit  its  use  an  the  project 
without  additional  processing. 

19.  ROCK  PERMEABILITY 

The  permeability  of  the  bedrock  is  important  for  this  project  only  as 
it  promotes  or  inhibits  drainage  from  the  overburden.  Visual 
inspection  of  outcrops  and  rock  cores  indicates  that  the  upper  one  to 
two  feet  of  the  bedrock  should  have  a  permeability  at  least  as  great  as 
and  possibly  greater  than  the  overlying  sand.  Below  the  two-foot  depth 
the  bedrock  is  expected  to  have  a  permeability  less  than  the 
overburden.  Significant  drainage  of  the  overburden  through  bedrock 
exposed  in  an  excavation  is,  therefore,  expected  to  occur  only  to  a 
depth  of  less  than  two  feet  below  the  top  of  bedrock.  Any  openings  in 
exposed  bedrock  sufficient  to  cause  piping  of  overburden  must  be 
treated. 


GEOTECHNICAL  DESIGN  CONSIDERATIONS 

20.  MODIFICATIONS  TO  SILVER  LAKE  DAM 

Geotechnical  evaluations  relative  to  Silver  Lake  Dam  modifications  were 
performed  by  A/E’s  under  contract  to  the  St.  Paul  District. 
Geotechnical  design  considerations  relative  to  the  proposed  dam 
modifications  were  performed  by  Soil  Exploration  Co.,  Inc.,  (as  a 
subcontract  to  Short-Elliott-Hendrickson,  under  contract  to  the  St. 
Paul  District),  and  are  Included  in  Addendum  No.  1  to  this  appendix. 

21.  SILVER  LAKE  CHANNEL 

A  175-foot  wide  trapezoidal  channel,  with  3H  to  IV  side  slopes,  is  to 
be  constructed  through  Silver  Lake  from  Sta  127+00  to  about  152+00. 
The  depth  of  the  channel  varies  from  about  two  to  four  and  one-half 
feet  below  its  present  elevation.  It  is  anticipated  that  the  very  soft 
silt  and  silty  clay  soils  will  be  removed  by  a  barge  mounted  dredge 
prior  to  lowering  the  water  level  in  the  Lake  for  modifications  to 
Silver  Lake  Earn. 

22.  ZUMBRO  RIVER  STA  152+00  TO  205+67 

Upstream  of  about  Sta  152+00  the  existing  channel  will  be  widened  and 
deepened  with  various  channel  bank  protection  measures  employed 
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throughout  the  reach  depending  on  real  estate  and  structural 
considerations.  Channel  bank  protection  measures  include: 

a.  3H  to  IV  riprapped  slopes, 

b.  2  1/2H  to  IV  riprapped  slopes,  (limited  use), 

c.  2H  to  IV  rock  fill  slopes, 

d.  Gabion  baskets  located  on  slopes  and  channel  bottom, 

e.  Concrete  inverted  T-walls, 

f.  Tied-back  sheet  pile  walls,  and 

g.  Bridge  pier  wing  wall  extensions. 

The  locations  of  each  of  the  various  bank  protection  measures  are  shown 
on  plates  16  through  22  in  the  main  report.  Geotechnical  design 
considerations  for  the  various  structures  are  presented  subsequently. 

23.  BEAR  CREEK  STA  0+00  TO  6+50. 

Within  the  limits  of  Reach  IB,  Bear  Creek  will  be  deepened,  widened, 
and  partially  relocated.  The  proposed  modifications  are  shown  on 
Plate  23  in  the  main  report.  The  channel  width  will  be  increased  to  80 
feet.  The  channel  depth  will  be  increased  by  about  four  to  five  feet. 
Channel  bank  protection  measures  will  consist  of  riprap  placed  on  3H  to 
IV  side  slopes,  except  adjacent  to  the  4th  st.  SE  bridge  where  slope 
protection  is  planned  to  consist  of  gabion  baskets.  The  gabions  will 
also  extend  along  the  channel  bottom  in  the  area  adjacent  to  the 
bridge. 


SUBSURFACE  EXPLORATION  PROGRAM 

24.  INITIAL  INVESTIGATION 

The  initial  Reach  IB  subsurface  investigation,  completed  during  the 
period  April  1980  through  March  1981,  was  performed  as  a  part  of  the 
general  Investigation  for  the  entire  Rochester  Flood  Control  Project. 
Eight  machine  borings  were  drilled  within  Reach  IB  during  that  period 
by  a  Corps  of  Engineers  drill  crew.  A  listing  of  the  eight  borings  is 
included  in  Table  1. 

25.  SUPPLEMENTAL  INVESTIGATIONS 

a.  First  Supplemental  Investigation.  Seven  supplemental  borings  were 
completed  in  Reach  IB  during  February  and  March,  1983  in  order  to 
determine  subsurface  conditions  adjacent  to  proposed  sheetpile  walls, 
and  in  areas  requiring  significant  excavation.  These  borings  are 
identified  as  the  "First  Supplemental  Investigation"  in  Table  1.  Upon 
completion  of  the  First  Supplemental  Investigation  it  was  noted  that: 
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a.  Significant  qualities  of  rock  could  be  encountered  along  the 
project  alignment,  and 

b.  Petrochemical  based  materials  (pollutants),  were 
encountered  in  boring  84-53M. 

As  a  result  of  the  findings  of  the  first  supplemental  investigation, 
additional  subsurface  explorations  were  conducted.  In  addition  to 
defining  the  location/characteristics  of  rock  to  be  encountered  and  the 
extent  of  subsurface  petrochemical  substances,  the  additional 
explorations  were  also  planned  to: 

1)  Evaluate  groundwater  conditions  at  Silver  Lake  Earn, 

2)  Determine  the  characteristics  of  Silver  Lake  dredge  spoils, 

3)  Define  subsurface  conditions  adjacent  to  proposed  wing  walls 
and  other  structures,  and 

4)  Determine  the  characteristics  of  materials  to  be  excavated  in 
areas  of  significant  channel  relocation. 

b.  Silver  Lake  Earn  Investigation.  Three  borings  and  seven  piezometer 
installations  were  completed  in  July,  1984  at  the  request  of  the  A/E 
under  contract  to  furnish  Silver  Lake  Dam  modification  designs.  The 
borings  and  piezometers  were  completed  for  the  purpose  of  investigating 
groundwater  conditions  at  Silver  Lake  Dam.  The  borings  and  piezometers 
are  listed  in  Table  1  and  noted  "Silver  Lake  Dam". 

c.  Second  Supplemental  Investigation.  Eighteen  borings  were  completed 
to: 


1)  Define  subsurface  conditions  adjacent  to  proposed  and 
existing  structures, 

2)  Confirm  characteristics  of  Silver  Lake  Dam  dredge  spoils, 
and 

3)  Investigate  additional  areas  of  significant  channel 
relocation. 

The  borings  were  completed  during  October,  1984  and  are  designated 
"Second  Supplemental  Investigation"  in  Table  1. 

d.  Bedrock  Investigation.  The  final  supplemental  investigation  was 
completed  for  the  purpose  of  defining  the  quantity  and  characteristics 
of  rock  to  be  excavated  within  the  channel  and  to  determine  the 
characteristics  of  rock  on  which  various  structures  are  to  be  founded. 
The  investigation  included  13  soil/rock  borings  and  numerous  rock 
probes.  A  list  of  the  borings  completed  is  included  in  Table  1  and 
noted  "Rock  Investigation".  The  numerous  rock  probes  are  not  listed  in 
Table  1,  but  are  summarized  on  Plates  B-l  through  B-3. 
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e.  Chronological  Summary.  A  chronological  summary  of  supplemental 
subsurface  explorations  Is  presented  on  Table  2. 

26.  BORING,  PIEZOMETER  AND  ROCK  PROBE  LOCATIONS 

Boring  locations  and  staff  logs  are  shown  on  Plates  16  through  23  in 
the  main  report.  Detailed  boring  logs  are  presented  on  plates  B-4 
through  B-10.  Piezometer  locations  are  shown  on  plate  B-ll. 
Sketches  of  piezometer  installations  are  presented  cn  plates  B-12  and 
B-13.  Rock  probe  locations  are  not  plotted,  but  are  summarized  on 
Plates  B-l  through  B-3. 

27.  GENERAL  SUBSURFACE  STRATIGRAPHY 

Subsurface  conditions  along  the  Reach  IB  alignment,  as  interpreted  from 
the  results  of  the  subsurface  investigations,  generally  consist  of 
alluvium  overlying  bedrock.  At  some  locations  man-made  fills  overly 
the  alluvium  .  Within  the  Silver  Lake  Dam  pool,  very  recent  fine 
grained  deposits  overly  the  alluvium.  The  thickness  of  the  alluvium 
varies  from  a  few  inches  at  bedrock  outcroppings  to  73  feet  in  the 
vicinity  of  Boring  80-13M.  Within  the  predominantly  granular  alluvium, 
fine-grained  clay  and  silt  deposits  were  encountered.  The  deposits 
vary  in  consistency  from  soft  to  firm,  are  on  the  order  of  one  to  three 
feet  thick,  and  appear  to  be  discontinuous.  Man-made  fill  thicknesses 
range  from  a  few  feet  to  about  20  feet  adjacent  to  the  west  abutment  of 
the  Center  Street  bridge.  Cross-sections  illustrating  subsurface 
conditions  at  various  locations  are  illustrated  cn  Plates  B-14  and  B- 
15.  The  locations  of  the  sections  are  shown  cn  Plate  B-16. 

LABORATORY  TESTS 

28.  CLASSIFICATION  TESTS 

Geotechnical  laboratory  tests  were  performed  to  determine  the  physical 
properties  and  engineering  characteristics  of  the  various  soils 
encountered  within  the  project  limits.  Grain-size  distribution 
determinations  were  completed  to  aid  in  the  classification  of  granular 
materials.  Atterburg  limit  and  moisture  content  tests  were  performed 
cn  selected  fine-grained  materials.  The  results  of  the  classification 
tests  are  presented  cn  Plates  B-17  through  B-20.  Plots  of  the  grain- 
size  analyses  are  given  on  Plates  B-21  through  B-35.  A  plasticity 
chart  presenting  the  results  of  the  Atterburg  Limits  tests  is  provided 
on  Plate  36. 

29.  SHEAR  STRENGTH  TESTS 

Eighteen  direct  shear  tests  were  performed  cn  materials  from  nine  bag 
samples  composed  of  composite  materials  obtained  from  five-inch 
diameter  tube  samples.  Each  bag  was  generally  comprised  of  two  three- 
foot  long  tube  samples  representing  a  six-foot  long  continuous  column 
of  soil.  Classification  tests  were  also  performed  on  each  bag  sample, 
the  results  of  which  are  presented  on  Plate  B-37.  The  intent  of  the 
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direct  shear  tests  was  to  test  two  groups  of  materials,  SP's  and  SM’s, 
representing  clean  alluvium  and  silty  alluvium/man-made  fills 
respectively,  and  to  obtain  shear  strength  parameters  in  "loose”  and 
"dense"  conditions  for  both  groups  in  order  to  assess  the  range  in 
shear  strengths  of  both  materials.  For  loose  tests,  materials  were 
poured  into  the  direct  shear  test  mold  with  no  attempt  to  densify  the 
material.  Dense  tests  were  performed  on  materials  that  were  placed 
into  the  direct  shear  test  mold  in  layers  with  the  mold  being  tapped 
with  a  hammer  between  layer  placement  In  order  to  densify  the  material. 
The  results  of  the  individual  direct  shear  tests  are  presented  on 
Plates  B-38  through  B-46.  Two  consolidated-undrained  triaxial 
compression,  R-tests,  were  performed  on  materials  from  fine-grained 
layers  encountered  within  the  alluvium.  A  third  sample  planned  for 
testing,  (which  crumbled  during  sample  preparation),  was  classified  a 
clayey  sand  and  was  not  tested.  Test  results  of  the  two  triaxial 
compression  tests  are  presented  on  Plates  B-47  and  B-48.  Grain-size 
distribution  curves  and  the  results  of  Atterburg  Limits  tests  for  the 
two  R-test  samples  are  presented  on  Plate  B-49. 

30.  SUMMARY  OF  TESTS  PERFORMED 

The  number  of  tests  performed  on  soils  obtained  within  Reach  IB  is  as 
follows : 


TEST  NUMBER 


CLASSIFICATION  TESTS 

Grain-Size  Distribution  59 

Atterberg  Limits  13 

Moisture  Content  13 

SHEAR  STRENGTH  TESTS 

"R"  (Consolidated-undrained  2 

Triaxial  Compression) 

Direct  Shear  18 


In  addition,  grain-size  distribution  and  moisture  content  tests  were 
also  completed  on  the  two  R-test  samples  and  the  nine  direct  shear 
tests  samples.  Atterberg  limit  determinations  were  also  completed  cn 
the  two  R-test  samples  and  four  of  the  nine  direct  shear  test  samples. 
Specific  gravity,  (Gs),  determinations  were  also  completed  for  the  two 
R-test  samples. 

31.  DISCUSSION  OF  DIRECT  SHEAR  TEST  RESULTS 

a.  Introduction.  A  plate  summarizing  the  direct  shear  test 
results  is  presented  on  Plate  B-50.  Included  on  Plate  B-51  is  a  plot 
of  shear  stress  versus  normal  stress  at  failure,  grain-size 
distribution  curves  of  the  nine  samples,  and  a  composite  summary  of  the 
test  results. 

b.  Soil  Types.  One  of  the  primary  purposes  of  the  direct  shear 
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tests  was  to  test  the  two  major  types  of  soils  encountered  along  the 
project  alignment,  poorly  graded  clean  sands,  (SP’s),  and  silty  or 
clayey  sands,  (SM’s/SC’s).  As  seal  by  the  classifications  on  Plate  B- 
37,  the  attempt  to  obtain  an  equal  number  of  SPfs  and  S M/SC’s  was  not 
successful.  Of  the  nine  samples  tested  only  one  was  classified  a  SP, 
(sacks  7  &  8  of  Boring  84-78M,  labeled  sample  No.  8  on  Plate  B-49). 
Of  the  eight  SM/SC  samples  obtained,  four  were  from  fills  and  the  other 
four  were  a  composite  of  fill  and  Upper  Alluvium. 

c.  Sample  Relative  Density.  Hie  second  primary  objective  of  the 
direct  shear  test  program  was  to  obtain  the  shear  strength 
characteristics  of  samples  in  loose  and  dense  conditions.  The  tabular 
summary  of  test  results  of  Plate  B-50  indicates  that  the  samples  were 
generally  remolded  into  loose  and  dense  conditions.  For  example, 
sample  No.  1  was  remolded  to  void  ratios  of  0.41  and  1.11  for  dense  and 
loose  conditions  respectively. 

d.  Shear  Strength  Characteristics.  The  plot  of  shear  stress 
versus  normal  stress  on  Plate  B-50  illustrates  a  high  variability  in 
shear  stress,  (obtained  at  a  normal  stress  of  1500  pounds  per  square 
foot,  psf),  for  the  materials  tested.  Phi,0,  angles  developed  from  the 
test  results,  (assuming  a  cohesion  intercept  equal  to  zero),  are 
likewise  highly  variable.  Phi  angles  varied  from  28  to  43  degrees  for 
the  loose  samples  and  from  32  to  45  degrees  for  the  dense  samples. 
These  ranges  vary  from  that  normally  expected  for  silty  sand.  More 
typical0  values  for  loose  silty  sand  vary  from  28  to  32  degrees  and  for 
dense  silty  sand  range  from  34  to  40  degrees.  It  can  also  be  noted  from 
the  test  results  on  Plate  B-50  that  for  six  of  the  nine  samples  the 
shear  strength  of  the  loose  sample  was  greater  than  the  strength  of  the 
dense  sample.  Various  explanations  for  the  unexpected  shear  strength 
test  results  can  be  put  forward.  Che  factor  that  may  have  contributed 
to  the  suspect  results  is  the  quantity  and  plasticity  of  the  fines  in 
the  samples.  That  is,  a  zero  cohesion  intercept  may  not  be  appropriate 
for  the  soils  in  question.  A  second  factor  that  may  have  contributed 
to  the  unexpected  results  is  the  potential  for  excess  positive  pore 
pressures  to  have  existed  in  the  dense  samples  due  to  tapping  of  the 
sample  mold  during  sample  preparation.  Pore  pressure  dissipation  may 
not  have  occurred  prior  to  testing  as  anticipated,  due  to  the  quantity 
of  fines  in  the  samples,  although  sample  No.  8  with  vary  few  fines  also 
exhibited  a  higher  shear  strength  in  a  supposed  ,rloose"  condition. 

e.  Conclusions.  The  results  of  the  direct  shear  tests  are  very 
suspect  with  regard  to  phi  angle  interpretation.  The  unit  weights 
measured  for  the  loose  and  dense  samples  appear  to  be  reasonable, 
however.  Recommendations  regarding  shear  strength  parameters  presented 
in  subsequent  sections  of  this  report  will  be  based  on  Standard 
Penetration  Resistance  blow  count  correlations  with  angle  of  internal 
friction.  Design  unit  weight  values  will  be  selected  giving  due 
consideration  to  the  measurements  obtained  in  the  direct  shear  tests. 
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ENGINEERING  PROPERTIES  OP  MATERIALS 


32.  GENERAL 

As  previously  described  in  paragraph  27,  the  generalized  stratigraphy 
along  the  project  alignment  consists  of  alluvial  and  man-made  fills 
overlying  bedrock.  Subsurface  cross  sections,  presented  on  Plates  B-14 
and  B-15,  illustrate  the  existing  stratigraphy.  In  addition  to  the 
existing  materials,  riprap,  rockfill,  and  gabions  will  be  used 
extensively  within  the  project  limits.  The  engineering  properties  of 
existing  and  imported  materials  are  described  below  in  paragraphs  33 
through  41. 

33.  HEEROCK 

Hie  rock  encountered  In  the  project  generally  consists  of  dolomite  and 
sandstone  of  the  Shakopee  Formation  of  the  Prairie  du  Chien  Group. 
Description  of  the  rock  types  and  a  discussion  of  the  engineering 
geology  of  the  rock  material  are  included  in  paragraphs  2  through  19 
above.  Hie  principle  concerns  regarding  the  rock  along  the  alignment 
are  slope-forming  characteristics  and  durability  of  exposed  rock,  and 
excavation  characteristics.  In  accordance  with  recommendations 
contained  in  the  GDM,  additional  borings  were  completed  in  order  to 
better  estimate  the  quantity  of  rock  to  be  removed  and  to  evaluate  the 
rippability  of  the  rock.  Seventeen  borings  were  completed  in  the 
channel  in  an  effort  to  characterize  the  rock.  Nine  of  the  borings 
encountered  rock  at  elevations  which  will  require  rock  excavation. 
Core  recovery  varied  from  about  50  to  100  percent,  RQD's  (Rock  Quality 
Determination)  were  completed  for  all  rock  cores,  even  where  rock  was 
encountered  below  the  proposed  channel  excavation  limits.  RQD  is 
defined  as  the  total  length  of  all  unweathered  pieces  of  core  greater 
than  or  equal  to  four  inches  divided  by  the  length  of  core  run, 
expressed  as  a  percent.  RQD’s  were  computed  for  runs:  1)  above  el. 
696,  (channel  Invert),  2)  below  channel  invert  and  3)  total  run  length. 
RQD’s  above  el.  696  varied  from  1 6  percent  to  52  percent.  RQD’s  of  the 
total  core  generally  ranged  from  25  percent  to  56  percent.  The  core 
recoveries,  RQD’s,  lithologic  descriptions,  and  drilling 
characteristics  were  evaluated  and  an  assessment  of  the  rippability  of 
the  rock  was  made.  Hie  assessments  of  the  thickness  of  rippable  rock 
at  various  locations  along  with  a  summary  of  drilling  information  and 
RQD  determinations  are  presented  in  Table  3.  Table  3  indicates  that 
the  rippability  of  the  rock  varies  from  zero  to  seven  feet  below  the 
top  of  rock,  depending  on  location.  Thus,  while  the  majority  of  rock 
is  anticipated  to  be  rippable  with  a  hydraulic  (No.  9)  ripper  mounted 
on  a  D-9  dozer,  some  rock  may  require  other  methods  of  removal;  methods 
previously  described  in  paragraph  14  above. 

34.  The  property  of  rock  of  concern  for  structures  is  the  friction 
factor  for  sliding  between  concrete  and  bedrock.  Hie  friction  factor 
assigned  in  the  GDM,  0.839,  is  also  recommended  for  use  in  final 
design.  Where  structures  are  founded  on  rock,  the  rock  should  be  sound 
and  durable.  The  ultimate  bearing  capacity  of  sound  durable  rock  is 
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adequate  for  structures  in  Reach  IB  founded  cn  such  rock.  Where  rock 
anchors  are  used  to  affix  a  structure  to  rock,  the  bonded  length  of  the 
anchors  should  not  include  loose/ jointed  rock.  Rock  surfaces  which  are 
to  form  the  base  for  structures  should  be  inspected  in  the  field  to 
determine  the  acceptability  of  the  rock  for  the  intended  purpose. 

35.  ALLUVIUM 

a.  Introduction.  As  mentioned  in  paragraph  27  above,  the  alluvium 
within  the  project  limits  generally  consists  of  clean  sands  with 
occasional  layers/lenses  of  fine-grained  materials.  As  shown  cn  Plates 
B-14  and  B-15,  the  alluvium  can  be  subdivided  into  two  layers, 
designated  "upper"  and  "lower"  alluvium.  The  designations  used  here 
are  not  intended  to  link  the  materials  geologically,  but  rather  to 
describe  materials  with  similar  engineering  characteristics. 

b.  Lower  Alluvium.  The  lower  alluvium  is  characterized  by  medium 
dense  to  very  dense  sand  and  gravel.  Data  from  grain-size  analyses 
completed  cn  samples  obtained  from  the  lower  alluvium  are  plotted  cn 
Plate  B-51.  The  plot  illustrates  that  the  materials  are  relatively 
clean,  with  the  majority  of  samples  containing  less  than  ten  percent 
fines.  A  band  width  has  been  sketched  on  the  plate  to  illustrate 
typical  gradation  curves  for  both  the  sand  and  gravel  samples.  The 
band  widths  show  that  the  sands  contain  on  the  order  of  five  to  ten 
percent  gravel,  while  the  gravels  typically  contain  20  to  50  percent 
sand.  Standard  penetration  test  blow  counts  in  the  lower  alluvium 
range  form  12  to  100  blows  per  foot  with  a  median  of  about  32  blows  per 
foot.  Using  a  correlation  of  Standard  Penetration  resistance  to  angle 
of  internal  friction,  0,  (as  found  in  Figure  b.  of  Plate  B-51),  an  N 
value  of  32  corresponds  with  a  0  of  36.5  degrees,  say  36  degrees.  Dry 
unit  weights  of  the  dense  direct  shear  test  samples  of  lower  alluvium, 
(samples  6  and  8,  Plate  B-50),  were  converted  to  saturated  weights  of 
133  and  135  pounds  per  cubic  foot,  pcf,  respectively.  Design  unit 
weights  selected  were  increased  slightly  to  account  for  greater 
percentages  of  gravel  encountered  on  the  right  bank  where  critical 
cross  sections  for  stability  are  located.  Hie  unit  weight  values  used 
in  design  are  135  and  138  pcf  for  moist  and  saturated  conditions 
respectively. 

c.  Upper  Alluvium.  The  upper  alluvium  is  characterized  by  poorly 
graded  very  loose  to  medium  dense  sands.  Hie  sands  encountered  in  the 
upper  alluvium  tend  to  be  comprised  of  medium  to  fine-grained 
materials.  Grain-size  distribution  test  data  of  upper  alluvium 
materials  are  plotted  cn  Plate  Er-53.  Hie  plot  illustrates  the  uniform 
gradation  of  the  upper  alluvium  as  indicated  by  the  gradation  band 
width  presented  cn  the  plate.  Hie  plot  also  shows  that  the  materials 
are  relatively  clean,  with  generally  less  than  ten  percent  fines.  Blow 
counts  in  the  upper  alluvium  range  from  three  to  12  blows  per  foot  and 
average  about  seven  blows  per  foot.  Prior  to  correlating  the 
penetration  resistance,  N,  with  0,  a  correction  factor  was  applied  to 
correct  for  overburden  pressure,  (Plate  B-52,  Figure  a).  For  an 
effective  vertical  overburden  pressure  equal  to  1000  psf,  the 
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correction  factor  Cn  is  1.2  and  so  the  corrected  N  value  is  8.4;  say 
9.  An  N  of  nine  equates  to  a  0  of  30  degrees.  Saturated  unit  weight 
values  for  very  loose  upper  alluvium,  (from  the  direct  shear  test 
samples),  were  computed  to  be  about  108  pcf.  Given  that  the  very  loose 
direct  shear  test  samples  represented  conditions  more  loose  than  insitu 
field  conditions,  design  unit  weights  were  increased  slightly  to  115 
and  120  pcf  for  moist  and  saturated  conditions  respectively. 

36.  EXISTING  PILLS. 

Pills  within  the  project  limits  are  highly  variable.  Some  fills 
contain  trash,  while  others  are  relatively  clean.  A  plot  of  grain-size 
distribution  test  data  from  fill  samples  is  given  on  Plate  B-54.  The 
plot  shows  that  the  fills  generally  consist  of  silty/clayey  sand  with 
the  amount  of  gravel  size  particles  varying  from  zero  to  about  20 
percent,  (although  the  gravel  size  particles  may  be  trash).  The  grain- 
size  distribution  band  width  sketched  on  the  plate  illustrates  the 
highly  variable  nature  of  the  fills.  Standard  penetration  blow  counts 
in  the  fills  range  from  two  to  31  with  a  median  of  about  10,  indicating 
that  the  fills  vary  in  consistency  from  very  loose  to  dense,  but  that 
the  fills  are  generally  loose.  Design  values  for  the  existing  fills 
were  taken  equal  to  those  of  the  upper  alluvium. 

37.  ROCK  FILL 

The  rockfill  will  be  quarried  stone,  angular  to  subangular  in  shape 
with  reasonable  control  cn  gradation.  For  this  reason  a  "conservative" 
angle  of  internal  friction,  of  38  degrees  was  selected  for  use  in 
design.  Rockfill  design  unit  weight  values  were  taken  as  140  and  125 
percent  for  saturated  and  non  saturated  conditions  respectively. 

38.  LAKE  BED  EEPOSITS 

Near  surface  soils  in  Silver  Lake  consist  of  very  soft  clayey  silts  and 
low  plasticity  clays  deposited  since  construction  of  Silver  lake  Dam. 
The  materials  contain  occasional  sand  seams  along  with  abundant  wood 
particles,  roots,  and  scattered  gravel.  No  laboratory  tests  were 
completed  on  the  Silver  Lake  bed  deposits.  However,  the  material  is 
anticipated  to  have  a  buoyant  unit  weight  of  about  30  pcf.  No  shear 
strength  values  were  assigned. 

39.  RIPRAP 

Selection  of  riprap  types  was  based  on  the  hydraulic  design 
requirements  described  in  Appendix  A.  Riprap  gradations  and  required 
minimum  thicknesses  were  selected  from  ETL  1110-2-120,  Enclosure  1,  and 
ETL-1110-2-120,  Enclosure  3*  Riprap  gradations  are  summarized  in  Table 
B-4. 

40.  BEDDING 

Bedding  gradations  were  designed  in  accordance  with  the  criteria  set 


forth  in  EM  1110-2-1913,  Appendix  E.  Selected  gradations  are  presented 
on  Table  B-5.  Plate  B-55  illustrates  the  gradation  difference  between 
the  upper  and  lower  alluvium  and  shows  that  the  upper  alluvium  is  more 
fine-grained  and  uniform.  Plate  B-56  presents  the  riprap  and  bedding 
gradation  curves  along  with  the  upper  alluvium  gradation  band  width. 
Shown  cn  Plate  B-57  is  the  gradation  band  of  the  bedding  required  for 
the  upper  alluvium  based  on  the  filter  criteria  of  EM  1110-2-1913, 
Appendix  E.  Plate  B-57  illustrates  that  bedding  #1,  the  single  layer 
bedding,  is  deficient  with  respect  to  acting  as  a  filter  for  the  upper 
alluvium.  Plate  B-57  also  indicates  that,  with  respect  to  Filter  #1 
and  riprap  type  D,  the  piping  criteria  of  EM  1110-2-1913,  Appendix  E  is 
not  met.  Therefore,  where  a  significant  amount  of  upper  alluvium  is  to 
be  protected  and/or  where  riprap  type  D  is  used,  a  double  blanket 
(Filter  #2  and  Filter  #3)  is  recommended.  Riprap  types  B,  C  and  E  are 
similar  to  type  D  in  that  a  double  bedding  layer  should  be  used.  Type 
1  bedding  can  be  used  beneath  riprap  type  A. 

41.  SUMMARY  OF  GEOTECHNICAL  EESIGN  PARAMETERS 

A  summary  of  geotechnical  design  parameters  is  presented  on  Table  B-6. 

EESIGN  ANALYSIS 

42.  SEEPAGE  AND  UPLIFT  PRESSURES 

Seepage  and  uplift  analyses,  included  in  the  GDM,  were  completed  for 
levees  along  various  portions  of  Bear  and  Cascade  Creeks.  Seepage 
and/or  uplift  are  not  of  concern  within  Reach  IB. 

43.  SLOPE  STABILITY 

a.  GENERAL.  As  discussed  in  paragraph  27  above,  subsurface  materials 
along  the  project  alignment  consist  primarily  of  sand  and  gravel 
alluvium.  The  alluvial  deposits,  with  three  to  ten  percent  fines  are 
essentially  free-draining,  and  short  and  lcng  term  strength  parameters 
are  considered  to  be  equal.  Fill  materials  encountered  at  the  site 
have  cn  the  order  of  20  percent  fines  and  are  generally  well  graded  as 
illustrated  on  Plate  B-54.  The  combination  of  the  gradation  and 
percentage  of  fines  probably  inhibits  drainage  to  the  extent  that  short 
and  long  term  strength  characteristics  are  not  the  same  for  the  fill 
materials.  However,  critical  sections  for  stability  do  not  occur  in 
areas  with  significant  quantities  of  fill.  The  occasional  pockets  of 
firm  to  stiff  fine-grained  materials  encountered  along  the  alignment 
were  not  encountered  in  critical  sections  and  are  also  not  considered 
extensive  enough  to  control  stability  in  general. 

b^  2  1/21  TO  IV  RIPRAPPED  SLOPES. 

The  majority  of  the  riprapped  channel  slopes  in  Reach  IB  are  to  be 
constructed  with  3H  to  IV  side  slopes.  The  exception  occurs  near 
station  180+00  cn  the  right  bank  where  the  channel  alignment  has  been 
rerouted  around  an  existing  building  and  a  2  1/2H  to  IV  slope  is 
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planned.  (The  original  plan  included  a  tied-back  sheet  pile  wall  at 
station  180+00.  The  plan  changed  when  rock  was  encountered  near  the 
proposed  channel  invert  and  it  was  considered  that  seating  the 
sheetpile  In  the  sloping  uneven  rock  surface  would  be  difficult).  A  3H 
to  IV  channel  slope  would  have  pushed  the  channel  centerline  to  far  to 
the  left  with  regard  to  hydraulic  and  real  estate  considerations. 


A  cross-section  through  the  2  1/2H  to  IV  slope  at  station  180+10  is 
shown  on  plate  B-58.  The  section  shows  the  loose  fill  and. upper 
alluvium,  dense  lower  alluvium  and  bedrock  typically  encountered. 
Thicknesses  of  the  various  strata  were  interpreted  from  subsurface 
profiles  C-C  and  D-D  given  on  plate  B-15. 


Hie  section  was  analyzed  for  end-of-ccnstructian,  (E.O.C.),  and  partial 
pool,  (P.P.),  cases  using  the  Corps  of  Engineers  Computer  Library 
Program  10013,  "Slip  Circle  Slope  Stability  with  Side  Forces." 
Parameters  used  in  the  analyses  are  shown  along  with  the  results  of  the 
analyses  on  Plates  B-59  through  B-69.  A  summary  of  the  results  of  the 
analyses  is  as  follows: 


(Factor  of  Safety) 
CASE  F.S 


E.O.C.  1.54 

P.P.  1.41 


The  infinite  slope  method,  assuming  no  seepage,  was  also  used  to 
analyze  slopes  of  IV  on  2  1/2H.  For  a  uniform  embankment  of  floodplain 
deposits  with  0  =  30,  the  factor  of  safety  is  1.44. 


c.  2H  ON  IV  ROCKFILL  SLOPES 


2H  on  IV  rockfill  slopes  are  planned  in  an  area  of  restricted  right-of- 
way  from  station  186+00  to  193+00  an  the  right  bank.  A  cross-section 
through  a  critical  section  is  shown  on  plate  B-70.  Very  little 
subsurface  information  is  available  in  the  area  to  receive  rockfill. 
The  thicknesses  of  strata  shown  in  the  section  were  inferred  from 
subsurface  information  available,  (see  plate  BKL5),  just  down  stream  of 
the  section.  Hie  lack  of  more  definitive  subsurface  information  is  due 
to  the  original  plan,  (GDM),  having  included  IV  on  3H  riprapped 
sideslopes,  which  were  not  considered  to  pose  any  stability  problems. 
Hie  cross-section,  on  Plate  B-70  shows  the  proximity  of  bedrock  to  the 
slope  surface  and  also  shows  bedrock  daylighting  within  the  limits  of 
the  channel  to  be  excavated. 


Hie  section  was  analyzed  for  end-of-canstruction  and  partial  pool  cases 
using  the  Corps  of  Engineers  Computer  Library  Program  10013,  "Slip 
Circle  Slope  Stability  with  Side  Forces."  Parameters  used  in  the 
analyses  are  shown,  along  with  the  results  of  the  analyses,  on  Plates 
B-71  through  B-78.  A  summary  of  the  results  of  the  analyses  is  as 
follows: 
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CASE 


P.S. 


E.O.C.  1.51 

P.P.  1.40 

If  the  Infinite  slope  formula  is  used  to  evaluate  the  stability  of  a  IV 
on  2H  slope,  a  failure  plane  located  entirely  in  the  loose  fine  sand,  0 
=  30,  would  result  in  a  factor  of  safety  of  1.15.  However,  a 
significant  portion  of  the  failure  plane  must  extend  through  the  rock 
fill  near  the  toe  of  the  slope  as  illustrated  an  Plate  B-78.  Thus,  the 
effect  of  the  six-foot  thick  rockfill  section  is  to  act  as  a  buttress, 
increasing  the  stability  of  the  slope  to  acceptable  levels. 

STRUCTURES 

44.  The  majority  of  the  structures  in  Reach  IB,  (in  addition  to  Silver 
Lake  Dam),  consist  of  existing  and  proposed  concrete  or  steel  sheet 
pile  retaining  walls,  bike  path  underpass  structures,  and  bridge  pier 
and  wing  wall  extensions.  Geotechnical  considerations  for  Silver  Lake 
Dam  are  discussed  in  Addendum  No.  1  to  this  appendix.  Structural 
designs  for  the  various  structures  are  included  in  Appendix  C. 
Geotechnical  parameters  for  use  in  structural  design  are  presented  in 
Table  B -6.  New  structures  should  generally  be  founded  on  competent  and 
durable  bedrock,  the  dense  lower  alluvium,  or  be  supported  on  piles. 

CONSTRUCTION  CONSUERATIQNS 


45.  EEWATERING. 

Dewatering  will  be  required  for  much  of  the  structural  work  and  rock 
excavation  to  be  performed  within  Reach  IB.  Dewatering  Is  also 
contemplated  for  channel  excavation  above  station  152+00  so  that  slope 
protection  can  be  placed  in  the  dry.  Dewatering  will  likely  consist  of 
earthen  cofferdams  augmented  with  french  drains  and  sump  pumps  and/or 
well  points  as  required.  The  outboard  slopes  of  cofferdams  may  require 
temporary  erosion/scour  protection. 

46.  EXISTING  STRUCTURES. 

Existing  retaining  walls,  wing  walls,  bridge  piers  and  abutments  are 
planned  to  be  modified.  Modifications  are  to  include  scour  protection 
and/or  structural  foundation  modifications.  The  modifications  should 
be  completed  prior  to  temporary  channelization  of  water  past  these 
structures  in  a  deepened  channel.  Failure  to  do  so  may  result  in 
erosion/scour  of  foundation  materials  and  subsequent  foundation 
failure. 

47.  TEMPORARY  EXCAVATION  SLOPES. 

Slopes  as  steep  as  1  1/2H  to  IV  are  expected  to  remain  stable  for 
temporary  construction  excavations.  The  use  of  sheetpile  or  other 
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cantilevered  shoring  systems  may  be  limited  to  areas  where  bedrock  is 
deep  enough  to  permit  their  use.  Special  sumps  and/or  well  points  may 
be  required  in  sheeted  excavations  to  prevent  foundation  heave  and/or 
boiling  depending  on  the  differential  heads  experienced. 

48.  EXCAVATIONS  ADJACENT  TO  BUILDINGS. 

Several  construction  excavations  will  be  required  immediately  adjacent 
to  existing  buildings.  Temporary  sheeting  and/or  foundation  support 
will  be  required  at  those  locations  depending  on  the  type  and 
configuration  of  the  foundation  at  each  location.  The  locations  at 
which  temporary  shoring  and/or  foundation  treatment  will  be  required 


include: 

LOCATION 

CONSTRUCTION 

(STATION) 

BUILDING 

FEATURE 

181+00  left  bank 

- 

Sheetpile  wall  deadman 

182+00  left  bank 

- 

Sheetpile  wall  deadman 

185+00  left  bank 

City  Art  Center 

Sheetpile  wall  deadman 

49.  ROCK  EXCAVATION 

a.  CHANNEL.  Deepening  of  the  channel  bed  below  its  present  elevation 
will  require  excavation  of  bedrock.  Studies  and  subsurface 
investigations  indicate  that  bedrock  will  be  encountered  between  the 
Rochester  Power  Plant  and  Mayo  Baric  near  the  Center  Street  bridge.  The 
bedrock  is  estimated  to  be  rippable  to  depths  varying  from  zero  to 
seven  feet.  Removal  of  some  rock  by  means  other  than  ripping  will 
probably  be  required. 

b.  RETAINING  WALLS  AND  SCOUR  PROTECTION.  Walls  situated  along  the 
left  bank  are  outside  the  limits  of  the  shallow  bedrock  and 
construction  thereof  will  generally  not  require  rock  removal  (except 
adjacent  to  the  power  plant).  The  concrete  retaining  walls  along  the 
right  bank  will  require  rock  removal.  The  majority  of  the  removal  is 
anticipated  to  be  within  rippable  depth.  However,  removal  by  jackhammer 
or  other  means  will  likely  be  required  in  isolated  areas  such  as 
adjacent  to  existing  structures  and  for  removal  of  fractured  rock  for 
wall  foundations. 

50.  GROUND  WATER 

The  water  table  along  the  narrow  project  corridor  is  the  same  as  the 
water  levels  of  the  streams.  Therefore,  as  the  channels  are  deepened, 
drainage  of  the  surrounding  ground  water  must  be  sufficiently  slow  that 
piping  or  sloughing  of  sand  does  not  occur.  Normally,  drainage  will 
occur  naturally  as  excavation  progresses  and  no  problems  are 
anticipated.  In  some  areas  where  excavation  exceeds  channel  depth, 
temporary  dewatering  with  shallow  wells  may  be  required.  For  the  most 
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part,  however,  all  that  will  be  required  is  an  awareness  of  the 
potential  for  piping  or  sloughing  of  soil  banks  so  that  excavation 
rates  can  be  slowed  if  problems  appear  imminent. 

51.  CONSTRUCTION  MATERIALS 

Construction  materials  required  for  the  project  consist  of  riprap, 
bedding,  rockflll  for  gabion  baskets,  rock  fill  and  concrete  aggregate. 
The  availability  of  adequate  resources  has  been  verified,  and  materials 
from  most  sources  have  been  used  recently  and  exhibited  suitable 
performance. 

52.  CONCRETE  AGGREGATE 

Pine  aggregate  for  concrete  is  available  from  producing  pits  in  the 
valleys  of  the  South  Fork  Zumbro  River  and  Cascade  Creek.  Aggregate 
from  these  pits  is  natural  sand  and  has  been  used  extensively  and 
successfully  for  may  years  in  the  Rochester  area.  Producing  pits  are 
located  less  than  two  miles  from  the  city.  Natural  course  aggregate 
does  not  exist  in  the  area;  therefore,  coarse  material  must  be 
manufactured  from  quarries  in  the  Shakopee  and  Gneota  Formations.  The 
closest  operating  quarries  are  located  six  to  16  miles  north  of  the 
city  and  have  been  used  extensively  by  the  Minnesota  Department  of 
Transportation.  Recent  test  data  obtained  from  that  agency  and  the 
producer  indicate  no  problem  will  be  encountered  in  establishing 
approval  of  a  source. 

53.  RIPRAP,  BEDDING  AND  FILL  FOR  GABION  BASKETS 

Acceptable  riprap,  bedding  and  fill  for  gabion  baskets  can  be  produced 
from  the  same  sources  that  produce  coarse  concrete  aggregate.  Two  rock 
quarries,  63  West  Quarry  and  Goldberg  Quarry  are  within  4.5  and  6.0 
miles  respectively  of  the  project  site.  In  addition,  rock  from  the 
Galena  Formation  which  is  quarried  within  ten  miles  south  of  the  city 
has  been  used  extensively  for  riprap  by  state  and  local  agencies. 
Inspection  of  quarries  and  in-place  riprap  indicates  that  riprap  from 
this  formation  can  be  expected  to  show  three  to  seven  percent  breakage 
within  three  years  after  placement.  Additional  evaluation  will, 
therefore,  be  necessary  to  approve  quarries  producing  from  the  Galena 
Formation. 

54.  ROCK  FILL 

Acceptable  material  for  rock  fill  can  be  produced  from  quarries  in  the 
Shakopee  and  Cheota  Formations.  The  quarries  in  the  Galena  Formation 
can  produce  material  for  rock  fill  if  gradation  requirements  are 
sufficiently  broad  to  accommodate  an  anticipated  breakage  of  three  to 
seven  percent  of  the  material  at  the  surface.  In  any  case,  adequate 
material  is  available  within  six  to  16  miles  of  any  part  of  the 
project. 
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CRONOLOGICAL  SUMMARY  OF  SUBSURFACE  EXPLORATION 
ROCHESTER  FLOOD  CONTROL  -  REACH  IB 

Approximate 

Dates _  Item  Purpose(  s ) 

APR  &  MAY  1980  Borings  13,  14,  21,  Initial  investigation 

JAN  &  FEB  1981  22,  23,  32,  &  44 

MAR  1983  Borings  52  -  57  Obtain  subsurface  in- 

&  61  formation  for  sheet- 

pile  walls  and  exca¬ 
vations 

JUL  1984  Borings  62  -  64  &  Evaluate  groundwater 

Piezometers  1  -  7  conditions  at  Silver 

Lake  Dam 

OCT  1984  Borings  65  -  68,  73  Evaluate  Silver  Lake 

-  80,  &  86  -  90  dredge  spoils, 

Obtain  info  for 
structures,  & 

Obtain  info  for 
channel  relocations 

NOV  1985  & 

APR  &  MAY  1986  Borings  91  -  103  &  Determine  extent  and 

Rock  Probes  1-316  characteristics  of 

bedrock 


NO.  4770.  DATA  tHIET.  ONI  )IAR  OR  ONI  MONTH  BT  OATS;  IN  BTOCK  Hint CT  fn'OM  CODFX  pqOK  CO.,  NOHWi 


1 9-3+GO 

fit-T.  /*>*- 
C+vers  S.*-f-4 4» 

S^'/oqM 

/fjfOO 

9 

mamsffimamm 

3.3 

<7. 

TABLE  B-4 
RIPRAP  GRADATIONS 

FOR  ROCHESTER  FLOOD  CONTROL  PROJECT 


Required  Minimum 

Type  Thickness  (in)  %  Lighter  by  Weight  Limits  of  Stone  Weight  (lb) 

A  12  100  35-86 

50  17-26 

15  5-13 

B  18  100  117-292 

50  58-86 

15  18-43 

C  24  100  82-205 

50  41-86 

15  13-43 

D  27  100  117-292 

50  58-123 

15  18-62 

E  30  100  160-400 

50  80-169 

15  25-84 


TABLE  b-5 

FILTER  AND  BEDDING  GRADATIONS 
FOR  ROCHESTER  FLOOD  CONTROL  PROJECT 


Filter  and 


iing  Types: 

_1 

2 

_3 

jve  Size 

(Total  % 

Percent 

Passing) 

6" 

100 

100 

3” 

87-100 

60-100 

• 

1-1/2" 

69-100 

20-60 

- 

1" 

- 

0-45 

100 

3/4" 

45-68 

- 

1/2" 

- 

0-15 

82-100 

3/8" 

24-47 

0-5 

- 

No.  4 

10-33 

- 

48-74  r 

No.  10 

0-19 

- 

14-37 

No.  20 

0-10 

- 

0-15 

No.  40 

0-5 

- 

0-5 

PHASE  IB  -  FEATURE 
DESIGN  MEMO  NC.  2 
APPENDIX  E  -  GEOTEC 


FLOOD  CONTROL 
ROCHESTER,  MINNESOTA 


TABLES  AS  5 

RIPRAP  AND  BEDDING  GRADATIONS 


St.  Paui  District,  u.S.  Army  Cores  of  Engineers 
Fila  No.  February  1987 


*  Refer  to  Plate  B-3  for  notes  on  stetlpning 


Probe 

umber  Station 


162+35 


162+69 


163+52 


163+96 


164+80 


164+86 


165+08 


165+77 


165+81 


165+83 


165+87 


165+93 


165+94 


166+03 


166+33 


166+43 


166+45 


166+51 


166+55 


965.8 


965.8 


965.8 


965.8 


965.8 


965.8 


965.8 


965.8 


965.8 


965.8 


965.8 


965.8 


965.8 


965.8 


965.8 


Probe 

Number  Station 


167+27 


167+27 


167+46 


167+51 


167+54 


167+55 


167+60 


167+60 


167+62 


167+73 


167+84 


167+91 


167+93 


167+97 


168+02 


168+07 


168+08 


168+09 


26 

166+68 

27 

166+68 

28 

166+74 

29 

166+85 

30 

166+87 

167+01 


167+03 


167+03 


167+07 


167+08 


167+10 


167+12 


167+13 


167+15 


167+18 


167+19 


966.0 


966.4 


971.6 


971.5 


966.8 


967.3 


969.4 


966.4 


969.9 


971.5 


965.8 


965.8 


68 

168+10 

69 

168+12 

70 

168+18 

71 

168+20 

168+30 


168+46 


168+46 


168+47 


168+47 


168+53 


168+53 


168+54 


168+55 


asal  Probe 
at ion  Elevati 
not  to 


8 


965.8 


965.8 


965.8 


65.8 


965.8 


memi 


Probe 

Number 

Station 

43 

167+24 

45 

167+27 

46 

167+27 

HRs E 

167+44 

48 

167+46 

mmmsm 

50 

167+51 

mm 

167+54 

52 

167+55 

53 

167+60 

54 

167+60 

55 

167+62 

IKSHI 

167+64 

57 

167+73 

58 

59 

60 

an ragggB 

HlBEESEilH 

msm 

168+02 

mm 

168+07 

64 

168+07 

65 

htfaKMirii 

66 

168+09 

BTHIBfXBH 

00 

vp 

168+10 

69 

168+12 

70 

71 

Kflms 

n 

168+27 

74 

168+30 

75 

168+38 

7 

168+41 

urn 

K2S 

168+46 

fsm\ 

168+47 

* 

82 

168+53 

83 

168+54 

84 

168+55 

Probe 

umber 


109 

1  169+6 

110 

169+6 

112 

169+7. 

113 

169+8 

+82 


169+ 


Probe  Distance 

Number  Station  Left  of 
Center 


Line 


169+95 


169+98 


169+98 


170+01 


170+05 


170+06 


170+19 


170+20 


170+30 


170+31 


170+31 


170+43 


170+50 


170+50 


170+56 


170+74 


170+82 


170+85 


17 


171+04 


171+07 


171+08 


171+12 


171+22 


171+22 


171+45 


171+50 


171+54 


171+54 


Probe 

umber 


Station 


|  191 

173+88 

31 

174+06 

5: 

1  193  1 

174+61 

8! 

174+75 


175+00 


175+13 


175+17 


MSEZB I  HI 


175+56 


Probe 

Number  Station 


Probe 

Number 

•  . 

Station 

MSMMEE551 

276 

277 

185+59 

EB 

185+69 

280 

185+70 

281 

186+80 

282 

186+88 

mm 

186+88 

mm 

186+88 

:  285 

HOBESHI 

186+89 

287  ■ 

187+03 

289 

187+22 

290 

187+26 

291 

187+26 

187+30 


187+46 


187+56 


187+62 


187+70 


187+70 


187+70 


188+54 


188+55 


188+60 


188+87 


188+91 


966.5 


188+98 


IHBI 


190+90 


190+93 


190+97 


\wmmwi 


Probe 

Number  Station 


185+47 


Stance  Distance  Refusal  Probe 
t  of  Right  of  Elevatior Elevation 
liter  Center  not  to 

te  Li  ne  i  ■  Refusal 

[  ...  55  966.5 

30  966.5 


185+70 


186+80 


186+88 


186+88 


186+88 


186+89 


■li 


186+89 


187+22 


187+26 


187+26 


187+26 


187+30 


187+46 


187+56 


187+62 


187+70 


187+70 


187+70 


II 

Wa 

IH1 

m 

114 

1; 


188+54 


188+55 


188+55 


188+60 


188+60 


188+60 


w:. 

m 

M: 

ft. 


188+91 


188+98 


190+88 


190+90 


190+93 


190+97 


191+00 


972.0 

973.7 

969.4 


969.4 

970.7 

968.7 
970.9 


967.5 


967.4 


968.3 
968.1 

971.4 


970.8 

971.3 

971.8 

972.3 

972.8 

971.8 
971.7 


967.7 

968.6 

968.6 

969.1 


966.5 


966.5 

966.5 


966.5 


966.5 


966.5 

966.5 

966.5 

WT 

966.3 


966.6 


966.6 

966.6 


Probe  Notes 


1.  Probek  are  numbered  from  down 
upstream  and  are  referenced! 
of  tha  channel  center  line  as 
increases. 

2.  The  probes  were  taken  from  a 
a  portable  drill  rig.  The  px 
IV  steel  rod  advanced  with  a 
hamme  r . 


The  probes  were  located  usin; 
and  stadia  rod. 


IDESIQN  MEMORANDA 


8t .  Paul  Diatrlt 
F'lla  No. 


i 


Probe  Notes 


1.  Probefe  are  numbered  from  downstream  to 
upstream  and  are  referenced  left  or  right 
of  the  channel  center  line  as  the  stationing 
increases . 


PI 


>2.  The 

a  por 
Us"  s 
hammejr 


obes  were  taken  from  a  pontoon  with 
|:able  drill  rig .  The  probe  was  a  solid 
teel  rod  advanced  with  a  140-pound 


3.  The  pfcobes  were  located  using  a  transit 
and  stadia  rod. 
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DESIGN  MEMORANDUM  NO.  2  PHASE  IB  -  FEATURE 

APPENDIX  B  -  GEOTEC 

FLOOD  CONTROL 

ROCHESTER,  MINNESOTA 

ROCK  PROBE  SUMMARY 

SHEET  3  OF  3 

St.  Paul  District,  u.S.  Army  Corps  of  Englnssrs 
Fils  No.  January  itST 

PLATE  B-3 

Plate  B-3 

SO- 1391 

80-1414 

23  April  1930 

30  April  1980 

m 


F,  Oh  Br  . 


F-M,  Oh  Br 

CL  Silly,  Sandy 

F-14.  Br  _ 

CL .  Si/tu,  Sandy,  Dh  Br 
6  ill 964.6  MTTt—  5M  32  16 

5?-SMF-MJ 
- Clayey.  Sandy 

SM  F,  Br 

ML 

F-C,  Gray-Gr  D/oT0.16 

Drilled  with  2 inch  Tri cone 
bit  be  law  a!  949.4. 


F-C,  Oh  Br 

- -  yy  23  - - — 

Clayey,  Oh  Br 
F-C,  Br 

-SW-SM  F-C,  Gray-Gr  0,»*0.I3 
~  Drilled  with  2$  inch  Tri  cone 
bit  below  el  961.  S. 


_ —  —  CM  C,  Sandy,  Br  — r - - - 

V  > top  of  bedrock  determined  From 
HO/o.O  933.0  drilling  resistance  to  Tricone  bit. 


_  /  j  ^  Approx  top  of  bedrock  based  ■ 

,  /  on  resistance  to  Fricone  bit. 

.50/0.0  *34  9  /_ ! 

WL  Hot  determined 

Notes :  ~ 

/  Hollow  stem  auyer  set  to  et  9712. 

ho/e  stabilized  with  drilling  mud  below  et  9 712. 

2.  AH  auyer  polled  and  Hole  bach  Filled  with  soils. 

3.  Bonny  location  -  Topog  Dwg  .‘430 -S -/OJ 87 


:  ••  /  1  ... 

» 

30  -  20 M 

i  i 

80 -2/M 

7-8  M<ry  J980 

9-/2  May  1980 

■  i _ _ 

!  .  ! 

\8b> 

vs  MC 

LL  PL 

Blows 

05 98 3.. 9 

GSS8U 
- !=*—  oM 

-  c,  Off  8 r 


+3  23 


ioyey,  DkBr 

8r 

I  ft-C,  Groy-Gr  Dm*  0.1 3 


if  be /our  et  96/.  5. 


r,  Sandy,  8r - 

f  bedrock  determined  From 
ny  resistance  to  Tricane  bit. 


‘  to  el  982.2.  _ 

drill  my  mud  be  low  el  362.0. 
io/e  back filled  with  soils, 
rt  el  93  S.  2. 

iy  Dwy  M30 -5-10/80  — 


WL  972.S 


F-M,  dr 


F-M,  Br 


Dm*  O.t 8 


s  3/ 


BuJ 

I 


cur  o  Ou  *0.090 
F-M,  Gray-Cr 

_  Drilled  with  2£  inch  Tncone , 

bit  below  e!  95/./. 


j _ /  \  ^-Approx  top  of bedrocft  beset/ _ 

|  on  resistance  to  Tricone  bit.  _ 

■  f  /  fljj  /  /\  /totes • 

\  50/00  - V  -1  j  Hollow  stem  super  set  to  e/  967./. 

-3-4  Bonny  location-  yoJr  stabilized  wjH,  drill,  ny  mud  below  el  967.1. 
|  Fopoy  Owy  M30-S-I0/83  2  All  auyer palled  and  the  hole  filled  with  soils. 


933./ 


ML  Sandy 
M,  Ck 
CL- ML  81k 


Orate, 

_  bit  be. 


1/ ' _ A  pp  rox  tof. 

\/ww33e.sM 

WL  /Jot  determined 
Notes! 

I  Ho  How  stem  auyer  set  to  e, 
Ho/e  stabilised  With  dri/Hn, 
3.  All  auyer  pulled  and  the  ho 
4  Bonny  location  -  Topoy  O 


8!  -38  M 

15  dan  1981 


Sandy.  Ok  3 r  ”  '  . 

F.  Br  ■ 

Gravelly,  LtBr 

sM  F,  Gravelly,  It  Br  - 

of  bedrock 

Dotomitic  limestone  thin  bedded, 
fractured,  hard  IS!  fh  soft  seams, 
'jointed,  sliyhlly  weathered 
Vliyyy,  brown 


B/aws 

1  GS  983.4 

.X- 

3  WL9/F.91. 

'%  S 


Sandy,  B Hr _ 

F-M,  Gray,  Br 


F-C,  Gravelly.  Br  ‘oso 
Dio  *0.19 


ad  the  hole  back  fitted  with  soils, 
ooy  Owy  M 30  -  S-  10/85 


§  51 

m  up  HZ — 5P  F-C,  Sandy 

%I20/O.Z-  Kj^Tap  af  bedrock - - - 

•-53/0. 0  V  Drilled  with  2j  inch  Tricone  bit 

|ji  j\  be  low  et  950.4  Bedrock 

i/SO/o.O  9404_  classification  based  on  penetration _ 

'■■■£  resistance  and  driHiny  action. 

|  Notes:  -  ' 

i  Wafer  I  eve/  determined  after  5  min  of  observation  showed  no 
v  2.  Hollow  stem  auyer  set  to  e/  9T4  4.  ~  :  : 

Ho/e  stabilised  with  drill  in y  mitd  below  et  9744. 
j  3  All  auyer  polled,  ho/e  backfilled  with  soils  and 
sapped  with  cement. 

4.  Boriny  location  -  Topoy  Owy  M30-5-i0/88 


OESIGN  MEMOI 
FLOOO 

S.  FORK  ZUME 


90, 2/ M 
9 -/2  Mey  / 990 


967/. 

<vj  be  I  o'*  e/  367.1. 
fitted  WibJr  sot/s. 


<7S 383.9 


ML  Sandy.  Ob  Br 

M,  Clay  ay.  Dk  8r_ _ 

CL- ML  B/k 

GM  Silty,  Blk 

S P  M  72  33 

CH  ~e~n~? - c  i  D»-a.u  - 

F‘Mt  Grot/,  Sal 

fF-C.  Gravelly, 

LOrey-Br.  Sal  D  to  *0.16  - 

^ _ F-C,  Gray -Br,  Serf 

Grilled  wifh  2}  isreb  7ri core 
hi/  be/aw  e/  9 S3.  9.  _ 


Approx  fop  oi  bedrock  based 


or  rest  sfer nee  fa  Tricarte  hi F. 


'fa/00  936.3 

%.•  .  WL  Hot  determined  _ _ _ 

~h/e/es- 

7  Ho  Ho*/  stem  auger  set  to  e!  364-9. 

do/e  stabilised  wi/b  drit/inf  mud  belov/  e/  364.9. 

3.  Alt  auger  pulled  and  the  ho/e  backfilled  /nth  soils. 
•/  Bonny  location  -  Topoy  D//y  M 30  -  S  - 10/86 


O&O  | 


•fro  Hon _ _ 1  ^dO'. 


showed  no  rise. 


$*?" m.s.r. 

fcicmo  ” 


_ oiiciimoN  _  [  "*rt  |*Fnov«t 

'  DEPARTMENT  OF  THE  ARMY 

IT.  FAUl  OtJTBCT.  CO«W  Of  [NONIUS 
ST.  FA  in.  MtNNfSOTA 

DESIGN  MEMORANDUM  NO.  2  PHASE  IS.  FEATURE 

APPENDIX  -  B 

FLOOD  CONTROL -MISSISSIPPI  RIVER 
S.  FORK  ZUMBRO  RIVER -ROCHESTER.  MINNESOTA 
ROCHESTER  _ 

BORING  LOGS  80-I3M  THRU  BI-32M _ _• 

APPflOVCO  IT)  '  BAft 

JANUARY  I  987 


AS  SHOWN  I 

OtAWINO  NUMMI 

SHKT  OF 


S/-44ht 

29  Jan -3  Feb  !9St 


I  MARCH  B63 

,  I 


-Blows  - 

W596/.9 


G596/.  7 


j 

4 

1 

‘ 29 

i 

/. 

9 

/ 

■  S 

!4 

!8 

26 

29 

66 

74 

ROD  %Rcc  190/05 

inr  3/ 

32  SO 


Rock  pavement  G  grove! 

&.S&T 

Die  '0.074 

F.Gr 


F-C.  Gr  Die  -O  H 


Die  -O.  IS 


F-C.  Gr 


F-C,  Grave// 9,  Br  Die-O.lt 
F-M.  Br 

F-C.  Gravelly.  Br 


Dm  *0.  /9 


SS  781.7 


UO/l 

■  tee/aj"  ~ 

-wterVJzzi 


SNeaHtered/bcdrock.. :  • 
Top  of  bedrock  lUmtiienej. 
f/o  s ample,  recovered.  Sedroc  k  it 


•'  .  _  arUti'nq  action; . 

t-JMto*  siem  axincr  .set  to  e(-  972-2  :  :. . 

2.  M  a.trqer  puded.  and  ike.  isiSLbaxkiH^' 
-—5eit-aAd~cappcd~W.Hh'Xana7cte . .  ;  :\ 

b.  Borina -.(partie/i:-:  TOpej.  :/Dwgi.M30rS-t6/ed 


57  GP  F-C,  Sandy 

90  _  ,  F-C,  Sandy,  Br 

'“wfos'  30/ -7  ^  Top  of  bedrock 

Inferbedded  sandstone,  soft,  poorty 
£  95. 8  lire.  cemented,  do/omite,  thin  bedded, 

hard,  si  weathered,  and  sha/es, 

_ ; _  soft,  thin  bedded  _ 

Notes 

1  Boring  location  m  Zumbro  /Fiver 

2  Hollow  stem  auger  set  to  el  9 00.7 . 

3.  All  auger  polled,  the  hole  grouted  and  capped 
with  cement. 

4  Boring  location  -  Topog  Dwg  M  30-  S-  tO/SO 


-  SlOlUS - 

ZE  ir.s  ?gn 

--■Es-rc:. . 

-r^vrtr&s 

_ i/L. - . - 

,  30  i 


. 3Z..:.  : :  9sr<6 

. 


-~rmes-- — —' 
t  Holtiw  siein 

Hole  s 4a  bil 


.2,-A(LAu^ec.fi 
. scii  and  c 

3.  Borina  Lot 


.2-3  MARCH  196 


6>ra.uei\\f,  B/fC  " 


tiQsidy,  a<  ly  iar'.subsiartce 
.  .Strong  ado- .  SlK... . 


Slows. _ ..ML. 

;-::-i65  “KS-'i 


iissi i| 


H  ~  ,.A! 


3.  Boring  .(ncadcen.:-:  To/Joy  ■  Ow^..iAV> -S*/0/sr 


polled,  and totyiole  bmck 
. J<3<  (i  and  capped  With  CsntrtiC:  . . A....: 

4.  Soring  location.  -  Topog  Own:  A?lo-S-yo/sr 


3  MARCH  1963 


TJTlPf. 


. f  Sandy,  Stiff.;  &r.\nu. 

"  F<.6n tveUy,  Sir  -  . 

VTV: . 

r; 

G/raYCUy.Qraf 

r-drrGrweftrrS. 


2d.-::  Vrd.L 


:z:~t  Hollow  stern  doytr.  sed  -fo  e(  e)7T  C 
- Hole  s faSiiitea'  W‘iA  drill*  j  mud  below  c (  fH/t 

2.  AlVaigdr  putted  and -f hr  nrJr  ha  ck/itted.  wiifi — 
"~  seii  and  capped  wi  ih.  concn-k. 

3.  Boring  iocadcoa-  “Topee.  Owg-  W-S-SO/SO  '  ... 


PtiWHiT:  M.S.n 


SUIMmtD  IT 


2-3  MARCH  1963 


. 3/  - :  • . — 

.{:■ . .:±—JT- 


-  Gt+C-ft  ■  ~r-C j&  fWCl(y  ,  Gray-  ■'■ 


:L :Hdl(o*r  stem  avaer:..sct  teret-^H-C. _ L.z:::.::..::~ , 

~r.He'le  stabilized  with  drifting  rood  be  low  el  9ii  6 

:i  Ail  a.uger.pvlied , and  iAc  hole  oocitfiltrd with : 

Tzanenctc.:.. . . .  : - ; ...  _ . — r 

br  Boring  location  -“TopogrQwe:  M30-i‘/o/8i . 


DEPARTMENT  OF  THE  ARMY 
n.  r*m  Dtirtto.  com  09 INOWHII 
n.  mix.  tuwHPOt* 


DESIGN  MEMORANDUM  NO.  2  PHASE  IS.  FEATURE 

APPENDIX  -  B 

FLOOD  CONTROL -MISSISSIPPI  RIVER 
S.  FORK  ZUMBRO  RIVER -ROCHESTER.  MINNESOTA 

_ ROCHESTER 

BORING  LOGS  8I-A4M  THRU  83-55M 


JANUARY  1 96? 


DRAWING  NUMBER 


SHEET 


Of 


3  viaRCH  1903-  - 


'3/ews ; 

•  buc^ki  ..  l. : 

;-  -ilZZ  r-Miot*-  1  ■  ■  j'. ' 


~7  WC^3?  ZI  -a?=SM“~-. . : . -4:_;. - •  •  - 

. i  ■---.•  : .  sa  **“*w . r/rA K&rxy  ::..  ,ui~  .,'•  ,:~ 

-:~Tt 

<iA  ^ l%:q££.  - li- 

~gr  ~ ~ -'■■■•--  '  g»  j - --rT 

I;... TT  r^crttrdnz-. v^rzzrz 


&w4frr*ri  — — 

f-C  XocK  frage.,  Br 
F-C.  Sandy  Arty  fcto 


-I/- a  I  r-i»  mocs*  rragc., 

:::r  i.  :?5.s*a'y.  6*y 


mtaiC. T~rr  pSp^r’sy'af  aedruchitirredime)  . — :t.:/ - 

:-• mit.  srmfte  recovered.  BedmondeniWcvucK 

:r~T^.  .4»W»  A. \.:&rsed on  penetration  .rnistaneeiara ... 
..g»» L  - . :i~ : 


9JTB:Q  TPl 


irZye]£tiQ6Lrt^?^g 

tjfefc  stabUiied  wild  drift  in  j:  mid  detcHef.  ?  73.0\ 

1:  A  U  cucer  /tutted me:  hde  bad  filled 

s^iC  a/d  capped  wiiA  conccrtc.  '  •  ‘  - •'  •- —  ‘  •  4E 
~3ravrxn  f-iecz?ien—j2ip»}  dug.  AW*  3  '.’T.'Sd .  ~ 


"tMft&.rjitMkrert:dt4ermii\e<l\  ::rrrrrr - - 

"Lt/atiavt sdanri aufer set teel  Veto---;::: :---.  .--;  ■ r. 

*fe?<r  dabdreeduri-UrdnUm^  m ueLideM.cL: 9.93A _ L_ — I— 

■((oitj-Ufi" Ecidn  e(: 38f.b  .  '  •■;  .  ....  ■  -;-r ' 

d:AW.aogi;rpviled.  and  the  hole  baZJcfi  ilecLwith . 

..  so<if  and cafpu  W'//>  concede, r  ■,....  | ... .:.™  \ : ~ f:"”"" 


84-t3M 
io  Tuly  IW 


g.s.  into 


fill  SiLis  i-Sands  •C/ays 


’Sandy  SILT  Dfc  Brn.Sofi 

:  -  ml '^Saturated.  Sf.  Organic. 

■~~^jsdt'i  SAND  Loose.-  ned  Verne.. 

-  [saturated.  Dk.  Brn  Uanphsbc 
'  \_'5diy  Grdvelty  Send.  Dense  Grey, 
ISoiiiraicd.  Madrra+eJy  Graded  __ 

■  ^ttf  ed.  SAbiD  Grey.  ned iKrnc.. irate 
<Silt +GravcL 

« _ Silty  fine  ■ Med  SAND  Gre y,  - 

‘Mad  Dense. 


Notes: 

i)  Standard  Penedraiion.  Sample  .T^iie/i  aj!  H0*rfa>mcr 
6  SC'Drop 

iJMb/toic  SU/n  Auger.  W 0  0 .5'A'i.D  Oi edtolnd of  'Baring 
5) Sand  Caving  into  H.  ifl.,  kept  aasma  filled vj  *iO  between 
Cl  153  30'- IS*. 3 0 

(♦)  Casing  nept  filled  uJ  Ht0  to  prevent  ntavuy-irtm  el 


84-(b4M 
10  Tu/y  19 84- 


fcS.‘g?,K> 


938.90 


.  SUT.SI.Orqanic  iopsoiijul Roots. tgoist 
/.  FUl  uit  scattered  loose  gravel 
jf/lSUly  fine  SAND  Dr  a  Lcose.  drown 
///xs>\.  Siltier  Silty  SAMD 

'///j  Fine  SAUL),  lory.  No  Fines _ _ _ _ _ — 

/ //A  Son:>  /  Silt 

/iOSittyFine  SflWD  St.  Moist /fill)  Loose  , 
OO’/  Sdiy  CLAY.  st.  Mast  -stiff  Scattered  Vcr 
'\A-^f{fiiSb):io\o-Mcd.  Plastic  uJien  tueWed  Dt  8n 
jiCmvel* Glass.  Fusty  Stained  «j/  Sand 
//  iSandy  CLAYEY  Silt  SI.  Moist. Lao Plastic, 
<^"TLaose,  Dfc  Brn  _.■■■■ 

- [Silty  SflNO  S/Jwoy  SILT  Srn  Moist 

■ — ir -i  Med- SAND  (Fluvial)  Fusty  Stained  tOei- 
Very  fine  i>AND  ~ixn  iul  Green  ShaLcSati 
v.  i  loose  (Fluvial)  ;  -  . . 

\i Med  Sf  MD  Green  (Fluvial)  Med.  DenscSotu 
\  iSparse^riavet.Med  ?oorty  Sorted 

\CMdFme  SAND. Green  t Fluvial)  Saturated 

V  iSMtiered  Coarse  Sand  Fine  Gra  te  I  ■  . 

V  \viTine  Med  SAND.Oey  Med  Dense  Saturated 

^0\  Cabise  Sand  t fine  Grave  L  ,  . 

\4rXjMed  Fine  SakiD.  Grey  (Fluvial)  satuirried, 

\\S^\frov^y.5iityiAN0.Fll/vial  - 

\  N'i5itiy  toWl/Ei.  m  ruity  'Bm.  fine  Sand  Mai 
'  .  \  ISftturated 

\  \itiayey  Silty  GCAvEt  (tesidual SedsiSabn 
\  )iutistaitic  .Fines,  Anguiar  weathered 
\Orst /Dolomite  Fine  Gravel  , 

vttfluey  Silty  gcavel  Fcsdual  Sediments 
IMed.  Dense  Tan-Broum 

Notes: 

l )  Standard Ibneiraiian. Sample  *-Driven  uJl 
Hammer  &  30' Drop 

£)  Holicw  Stem  Auger  u'O.D.,  3%"  I.D.,Lbe> 

of  ‘Bering 

3)  Kite  Caved  in  io  %5  10 


~rnr%perg—Dwg  -vtso-^—rd/gs— 


&4--C.SM 
1C,  Dot.  /V&4- 


/Votes:  _ ; _ 

I)  Standard  Penetration  Sample 
Hammer  €  30 "  Drop 

3)  Ho  Liao  Stem  Auger .  5“  0.0 
End  of  Bonrvj. 


•iSUX  SI  Organic,  lopieii  u.1  Roots  Modi 
AFUl  wl  Scattered  loose  gravel 

Pine  3AuD  Ora  Lease  drown  & 
/F»\.  Slitter  Silty  SAMD 

>4  Fine  SflND.  Dry.  K lo  Finest _ _a_ 

J  Sandy  SUt  ;  ,c.i 

/Silky  ripe  SflK/O  SI.  MolsZ  (Fill)  Loose  H 


Hows  *J.C.  LJ-  r.u . 


65  353.5 


SX&rnvct ,  6 (ass.  /fusty  Stained  aj/  Sand;  _ 

ggsfrntfy  CxA'iE'i  SiCr  Si.  Mcxst  Lcuu?mgity, 

S^NO  S/»wpy  SILT  5m.  Moist.’. 
"•-J.rfled.s/WVD  ( Fluvial )  Rusty  Stained  iLfd-Sat 

- — fVeru  fine  s/ind  .an  iul green  Shale.Sihiiatrd _ 

<■  Loose  (Fluvial)  .'••••£., 

a«N^I^\«lSfl^/D.6reen  (Pluvial) Med.  DensctOtuurhrd 
se  travel  Med  Peoria  Sorted 
Fine  SAND.  6  <cen  tPluvtoll  Saturated 

kred  Coarse  Sand  Fine  6ra, el  &  _ 

:  Merf  SAND.6re y  Med  Dense  Saturated 
se  Sand  *  fine  6  ravel  .. 

i  Pine.  SA MO.  6reo  (Fluvial)  Saturated, 
tiered  , 

\^'Jpfrgv<uy.  Silty  SANQ.  Fluvial  _ i _ 

\  vl§Llfy  t^/U/ELin  rusty  Bm  Fine  Sand  Matrix 
\  ISaiuraied  '  ;  , 

\  \\  Clayey  Silky  LCAveL  (Residual  SedSiSotvieM 
\  )uwsieutic  Fines  finqwar  vveoifiered  1 
\wrst/Do/cmite  Fine  travel 
YCtnacy  5/LTV  &g/iyeu  Residual  Sedimefis 
(Mea.  Dense  TJw-8roion 

Otes: 

Standard  rtmetraiian  Sample.  V  'driven  ujI  IK* 
Hanimer  £  3o'  Drop 

i  rioltcw  Stem  Auger  (,"0.0.,  3%'  I.  b.,  Used  to  end 
dfTBcnng  J 

>  Mole  Caved  m  te>  tus  IQ 


15  TZ  7*  1^' 
WL974.1 

SP- 

-  5>A 


F~Z  6 no  V*//p,  Br.  Fill 

•  SC-SMv  F-C  Sf.HV,  Dk.CarOy,  p/D-O.OoZ 
F-M,  Dr.  -  Grroy,  Dio  w  0-<4 
F-M,  Silty,  6r,u 
Pcaffered  ML  Laminations  _ 

'-CL  SiHa,  &UC 
^-5M  F-M  Dk.  6 row 
/ - F-M,  Orey 

^CFJ-SP-SM  6rertiiy,  Sand  seam.  - - — — ■■ 

' - Silty,  Sondy,  Tan 

— F-M,  Tan 


—lie  ret  '• - — - - - 

/.  Silver  Lake  wo  her  Surfiscc..  *  ?”■/./ 

2.  no/iow  Shem  Auger  set  tb  eisv.  ?ai.3 

dole  sroeihjed  with  drilling  rood  oatew  ekv  ILL. 3 

3.  AH  auger  gulled  ara  no/e  PocjcFi  tied. with  soils 
and  copped  urith-Cement. 

4.  Boring  location  -  Tapog  Drg.  M30 -S-/0/B4.  /L 


0 


84- WM 
10  July 


t,.3r  ~b  $ray 

I.R-ct'c  Jv:../:: 
&>ne.l.z—^.l.L — . 

Bedrock  (den  lifi  ear.cor\ 
Wert.  eese  stance.  e.nd:~~. 


rw  cl.  956  / 
'fnhyrttA- 

■10/93 


tooo 


’SI  Omani  SILT,7bpsod,tfast 
ICLOVlasl'Crty  .  M 

[Scattered  Limestone  ,&r ovelm  rlL 
matrix  c  /.£>  le  30'  Med.Dense 
'$)LT1  SHND(tdL)  Brown  51.  Moist ' 

SWuDV Slirffiff  J  Must.NcnplasliCj 

Brown  Med  Dense 

Gravelly  5a  nd  IfilDKusty  Brown  _ 

1  Hoist  .Trace  Sdt,  Loose.  .  . 

/  C^yey  5,tiy  5 HMDlFtlO. Mure  of 

SiLLtlay  e-Sard  tenses* seams 
^gathered  Grand,  Busty  isnle  Brown, 

Low  Plasticity  when  eJoyey .  i\bnpiastic_ 
cJbe’’  Sandy.  Hoist,  loose 

ofSiLt.Llay+Sardtemes+Segins. 
Scattered  brave  f  Sitt.lecse-Med  Dote 
SILTY  SfluD.Grey  Braun,  Wet,  hne  *■ 

Tied  Sand,  Loose-heel.  Dense. 

Qroamt  aJ lyeY  5/0.  Saturated- Hed. 
pjdjiicity  Scattered  C/qane  dogdy 
Fragments  wl  Organic  Sneed-  Soft  I 

Saturated  Ooyty  SILT.  BIB  wl  Organ*.  *1 
Smed,  ioase  _  ,  1 

Med  SBND  Saturated. OrcyTracecf 
Caavet,  Med  Dense  (Fluvialj 


Notes'.  - - - - - - - - - - 

D  standard  Penetration  Sample  -Driven  wl  /•*?* 
Hommer  £  30"  Drop 

3)  Hollow  Stem  Buyer.  lr "  O-D .  3‘lt"  I  D  Used  1“ 
End  of  Bor i rig. 


990 


980 


970 


960 


950 


940 


£>r. 


m 


SS/.Tj.  pk.CjraLj .  D/0-O.OOC 
ie.  e  &royt  Dio  w  0.74 
‘ry,  Orau  . 

d  ML  Lam/noHona  _ 

61  K. 

Pk..  9rqu 
rey 

Srocciiy,  Send  seam.  - 

Sa  n  dy,  Tan 


4  9 90 


980 


X 


1000 


970 


.i960 


UJ 
m, 4.3 

flfffcw-  eleis  Y60.3 
//ed.wrlh  sails 

(30-5-/0/84. 


4 950 


94C 


MJatmem 


un  Umovu' 


DEPARTMENT  OF  THE  ARMY 
n  riu  Duma,  com  or  ntOMais 
ST.  FAUL  MIHMSOTA 


MUCKED  IT; 


R.B.F. 


MAWKDT,  U.S.R. 

saanrrc - 


suiMimo  i~ 


DESIGN  MEMORANDUM  NO  2  PH*S  a®penD*X  -"I 
FLOOD  CONTROL  -  MISSISSIPPI  RIVER 
S.  FORK  ZUMBRO  RIVER -ROCHESTER.  MINNESOTA 

ROCHESTER 


AFttOVEO  »Ti 


OAli:  1 

JANUARY  l»R7 

AS  SHOWN 

OIAW1NO  NUMM* 


MATE  B-i 


ML  Clayey ,  &fk. 


F/  To  n  . 

6’M  tA,  'MeoHteredl  &re&r>izh~ 
Top  of  bedrock  ' 


dSt  to  e/ev .  ?&/. 7- 
'ho/e  backf/f/ed with  Sai/s~;- 

js.o'.  ' '  — 

vg.  -Qy.  MJO-S-iO/Sh. 


£>4 -&&M 
!&  Oc.t.  IQ64- 


Aapho/t  Parking  Lot 

GM  3  Qndy .  ~Tan 

SI.  Silty,  Orange  Sr. 
kAL  Seam 

F-M ,  Silty  ,  Orange  Br. 
ML  Seam  "  ‘  f- 

r-M,  Si/ty,  Orange  Sr. 
SP,  F-M,  Silty,  Grou  - 


-M,  Silty,  Slk.-DK.  far  a  a 
-GP,  F-M,  Mail.  Or  ay 
^SW-SM  Seam 

- F-M,  Ok.  Gray,  tnterhedded  Seams  . 

F-M,  Gray  -  Sr 


j;'  Motes: 

/.  W.S.  of  river  odjocent  To  boring  *  “013.  & 
.ij  ~2.  rlo/loaj  Stem  Auger  set  to  e/ev.  97 G.t .  Mate 

-  _ istebdijed  with  drilling  nud~he/aui  e7ev.  97s. t 

'j _ SSUauger.su/led  and  ho/e  pack.fi/Jed  with  Sotia 

M  4.  Zoning  iocotiorucJopog  Lag.  M30  - S-  lO/SO. 


&6-7SM 
ZZ  Oct.  /9&A 


55  5 >*55 


t/.L.  92 £>.! 


2S>  \~?SS.S 


Hdhu-'i— 

I.  Ha/ suiuSrem 


ML  lOPsail,  S 

Silty,  Fill,  A 

SM  Clayey,  6 
Silty  ,  Sent 
£>P-SM  M,  i 

M ,  Br.  6i 
-3P-SM  Sean, 
M,  Sr.  Grt 
-5P  F-M,  St 

— —M 


Z— Sofia  g  locafian  -  Ta/ocxg  Dng.  MS 


64-75  Ml  . 
ZZ  Oct.  1964 


54-7&M 
26  Oct.  I9&4- 


MV_  Clayey,  Sandy Ttlkd  by.  Fill -r 
M,  Dk.  Sr.  4 

.  I  f‘" 

Gravelly,  Sr./FU  l _ -  _ 

SC  Silty ,  Br  Gray  ® 

=SP-SM  M,  Br'Gray,  O^d.18 
CX-  Gravelly ,  Ok.  br  £ 

M,  Gravelly,  Gray-dr.,  5,0 * O. ~Zo 


M,  Gravelly,  Butt 


)t  r,ver  adjocent  to  baring  •  970  26 
Snem  Auger  sat  to  dev.  974.0 
.raoi/ijed  with  drilling  mud  below  dev.  57SS. 
gar  pulled  and  ho/e  backfilled  with  sella 
ip.oed  with  cement.  v h 

g./ocorion  -  Tooog  Org.  At  JO  S-iO/37 


G5  965.6 


W.L.  9775  I 


ZS  050.6 


Asphalt  - ; - — 

Fill,  Ok.  Br  -B/K. 

_ mu  _____ 

Gravelly ,  Ok.  6r,  Fill 

So  turoted  w/B/k.  Oily  Sludge. 

SP-SM  F,  31k.  Oily , Scattered  G-av  Seams 
SP  M-C,  S/k.  Oily  Stained 

_ F-M,  Slk.  Oily  Stained  _ 


F-M ,  Pk.  Gray  -  Buff 


Noies-i  . 

I. _ ti.  S.  of  river  adjacent  to  boring  *■  978.  AS , 

2  ' tin  How  Stem  Auger  set  To  e/ev.  96G.S. 

tta/e  staoihjcd  with  drilling  muc  oejbw  e/ev.  559.9. 

J _ Alt Ougcnpu/led  end  hole  backfilled  with  soile,  n 

and  zappea  with  cement.  ffpj\ 

4,  _ Samp  tea  soturoted  with  S/ock  o/'/y  sludge.  Idyl 

5.  Soring  locarion  -  Tbpog  Dry.  M30S- IO/8S  \%5;« 


Hi 


vA  (SUBMITTED  BY: 


&4 - 77M 
24-  Oct.  1304 


&4-7&M 
Z4-  Oct.  1304 


cs  3'&4.  3 


—Asphalt 

"SM  Pk.&r.,  Fill 

(gravelly,  PK.  Br.,  Fill  r> 

F,  PK.  Br. 

- F-M,  Pk.Crau ,  Scattered 

G*o*e.t/y  KAL 

“SP  F-M,  £?k.  Gray 
-SP  M,  Ok.  Gray 
- Mj  Med.  Gray 


'  W.L97M  I 


ML  Ctoyey,  Sandy  4 

-SP-SM  F,  puff.  f7JT~^ 
PK.  S>r.  _ 

ML-0L  C-layey,  Sandy,  BIK. 

Mucky,  Siffy,  Btk. 

£>P  F-M,  PK.  Cray 
'OL  Sandy,  PK.  Cray-  Oik. 

‘  —  Ml,  Med,- PK.  Cray 
M,  Br.  -  Cray 


M,  Cray  -  3>r. 


M,  Br. 


22  ■  349.3 


tibtes  : 

_  /.  no  How  Stem  Auger  eet  to  ele  v.  510.4 

tide .  e robiJ/j ed  with  drilling  mud  below  e/ev.  3C3.9. 

_ 7 .  AH  Ouger  pulled  and  bo/e  back Fit  Jed  with  soils 

_ and  copped  tuiih  cement..  _ 

3.  Soring  tocor/on  -  To pay  Dry.  /H30-S' /O/BC 


Moles: 

I.  TV.A  of  river  odjocent  to  txsrmg  •  3  73.  S  _ 

2. _ do  How  Stem  Auger  set  to  e/ev.  S7C.2 _ _ 

Z_ _ dole  stabilised  with  drilling  mud  oe/ow  e/ev.  575.7 

..3 AlLauycryaul/e  d  and  bole  backfilled  with  sods 

_  and  .copped  with  cement. 

~  4.  Soring  iocot-ion -Topoy  Org.MSO-S-IC/SC  ...... 


&4 -3Z.M 
2.7  Oct.  /3&4 


84-B&M 
3!  Oct  nsd- 


•CS  930  ! 


*  V/C  974  / 


—  So/a.c  r&e*l, .  I 


CS  337.9 


M,  Light  Br. ,  Scattered  SM  Laminations,  Dfo-O.TL. 
-SP  M,  Cray,  D/0- P.2o. 

-  SP-  SM  M,  pk.  Cray _ ,  _ 

-SC  PK.  Br. 

- C,  Cray 

-Tap  of  bedrock 


33 

n 

zz 

PL  ~ 
107 

SI /OS 
BltO.S 
-ioo/o.r  - 


TT971.9 


/tAAL  Cravcily ,  PK.  Br.-Bik  " 

r - F,  Lignt  Br.  T 

rSP-SM  F,  Seams  fill  | 

I - F,  Med.  Br.  — — L- 

'-SC  Orange  Br.  . 

-6P-6M  Br. 

- Ton -Buff 

-GM  <nty,  Ton 
^SP-SM  High  !y~tieathered  Sc 
Top  af  bedrock 


Motes: 

/.  d.S.  cf  Sj ire r  Lake  odjocent  to  boring  3759S 
2.  not iouJ  Stem  Auger  set  To  eJev.  970. C. 

_ .do/e  sraoi/ijed  with  a  riding. mud  below  dev.  37oJ , 

'  3.  Storing  location  -  Topag  Prg.  M3oS-  tO/85 .  ~ — 


Holes  L.  ' - - - - - 

_ l.  ■  Ua  Uooj^Srem  Auger,  set  to  e/ev.  333.4 

.  ..-tinfc  stabilised  with  drilling  mud be/ow  e/em.  382.'. 
Z.  -Ail  auger  pulled. and,  hole  backfilled  with  soils. 
A.  -  &arlnq.JocaiiaaoJbpogJju$.M3o-£-  IQ/BC. 


f 


\L  CtOyey,  Sandy  i 

>P-  3NA  F,  Sniff,  Fill 
■Pk.&r.  _ _ 

IL-£>L  Clayey,  Sandy,  OIK. 

:  Mucky ,  Sidy ,  &/k. 

>P  F-M ,  Pk.  Groy 
)L  Sandy,  pk.  Grog  -  6lk. 

— M ,  Med.-  pk.  Gray 
?V  M,  8r.  -  Gray 


M,  £>r. 


ent  to  Soring  *376.5  _ 

Set  fo  e/ev.  57<S.2_. 

H  drilling  mud  ee/otu  e/ev.  575 .7 
tyhd/e  backf/l/ed tw'fh  soils 
men/. 

•pog  Drg.M30-S-.'G/8G  .  .... 


64 -19M 
25  Oct  /e>&4 


5 

JS _ 


JO 

17 


ii 


CL  Silty,  &/*. 

F-M,  PK.Grey-br. 


F-M ,  Gray,  Sr. 

5P  M,  Light  Br. 
F-M,' hr. 

-SP  M,  6/-.  - 


.  ~  7  Jiollaui  Stem  Augerisek.ro  e/ev.  97/JL — 

_  tin  In  nfnt/f/yerf uj/th  drilling  mud  be/ouv  .b/ev.  d/l.  2  . 

7  AH  nugnr  ptj//nd  and  ha/e.  haekfil/ed  iuithsot/s 
__ _ nruf  crtnnnrf  uiith  mmnnf _ _ 

_ 3. ..LFabr  somp/e  recovery  0-!0‘ due  to  course  grovel 

_  and  cnhh/e  fill  plugging  srobstruci/ng  sot  is. 

4. _ Abundank  voids  in  soils  bebueen  gravel/ cobb/csilklS'. 

_.S— Boring  Jocar/on  -  Topog  Org.M3oS-:d/S7 


&4-&OM 
25  Oct  1964 


GY-QlA  Crushed  Rock  RUf 

5 

1 

F-C,  Si/ty-  Gravely  with  Cabbies- Br.  8  j 

CL  Sandy i&/ty.  Pk  Gray  .  b!k-  1  j 

44  34  Zo  ■ 

5P-5tA  F,  Me 
3/k.j  Stained 
Sandy,  Sdi 


M,  Pk.  Grc 
£>P  M,  Med:  6 

SP  M,  &r. 

3SZ.4-  _ 

i  /ales: 

\ti.  5.  of  river  adjocent  to  boring 
’.  Hollow  Stem  Auger  set  to  e/ev  : 

Ho/e  stobilijed  uvith  c/ri/f/nq  muc 
l  AH  auger  pulled  and  hole.  bockft 
and  copped  toi/h  cement. 

Boring  location  Topog  Dry.  MS C 


54-3&M 

Oof.  /934 


34--67M 

/  Pec.  /9S4 


tAAL  Gravelly ,  Pk.  Br.-BiK.  ~ 

- F,  Ognl  6r.  f  :  i 

“SP-SM  F,  Seams  fill  ] 

- F,  Med.  Br.  C-f- — 1 

-SC  Orange  Br.  ' 

-6P-CM  Br. 

- Ton -buff 

■faM  Silty,  Ton 

-5P-S>M  hHjhiy~t/eathercd  Sandstone,  Ton 
-Top  of  bedrock. 


•in  Auger  set  la  e/ev.  983.4 

i/jed  tbihh  drilling  mud  beJouv  e/ev.  9S2S 

Ou/fed.  and  hair,  hnrkfi/lrd  ujitti  Sbi'/s. 

oiion  -  Topog  Jju^.MSo-  S-  /P/3G. 


US.  976.} 
Bat.  97ST  ~ 


J  960 


ico/oo 

icc/oA 

so/no 

so/ao 


Wo  ter 

ML  Clayey,  Pk-  Gray 
■5P  GroveJlu 
■Top  of  bedrock 


Ha  res  '.  ~———— 

it/.S^  of  r/ver  adjacent  to  boring  97B.3. 

2  4'  casing  set  no  e/ev.  972,4. 

3.  Wafer  lass  at  12.7', 

4.  Boring  location  -  Topog  Bwj.  AfSO-S-/o/8G.  [![Tjfi|  V 


SYMROi 

Msau 

R.B.F. 

DAAWN  IT;  M.S.R. 

EHE5IETT . . 

SUIMtTUD  IT: 


DESIGN  M£M< 

FLOOD 
S.  FORK  ZUW 


BORING 
APffOVfD  »T: 


4 


DtAVflNG  NUMtifl 


&4--&&hA 
/Z  Oct.  /e&4- 


!Z  Oct.  /S&4- 


8  ton  & 

W.C.  L.L.  p.l. 

,  j 

&fo\V3 

us.  <01 4.0 

‘  1 

US.  974.CL 

-  e>or.  %S  « 

- Water 

^  CL  Mucky  SIX - 

- Water 

C£  4Z  20  = 

“ 

Af,  Gravelly  t  Dk.  Gray  * 

- SP  /“  Seam 

2 

F-M,  Pk.  c,ruy  _ 

0 

- - — 

L  Ciayey  t  &JK. 

10 

5P 

Sandy,  Pk  &ray 

- - 

\~tP-  5>KA  F-M,  Pk  <droy 

O' - f-'-M ,  Gray  _ 

/9  SS  14S 

y-Ml  Clouey,  PK. Gray _ 

'W£r>-3M  F-M,  Dk.<arroyJ0fO*0>l& 

'“SP-3M  Gravelly  /  Gray  Br. 

-L  Silver  Lake  ujarer  surface,  e/eu.  c  974.0. 

2 .  Set  4‘  canny  to  e./ev.  9(*2.8. 

.3.  Borincj  location  -  To  pay  Duja  ■  ,{430  -S-IO/SZ . 


J _ Silyer_iois  woter3or£ac.e_eJev^  =  974.0 

2.  Set  4."  casing  to  Jj/eU.  94,9.8  ~ 

3. _ Soriny  /ocationrJopay  Duij74430z3-~/bft3l 


3F-9ZI7I 


8c-73/» 

4  fit*.  /*X. 


Inal 


OCTWfy  Ucasc;  «rt»y 

rori/lSeJrotJt 


4ctf  5 : 

.  S.  SCXK:ii,mir<.  g,v.r  t/cv.  -  9fS.  Z 

*■  ft*..  *’  C<nrj  to  {Air,  972  Fy  2‘cas/no,  ~a  eiev S&C-.3 
t-rzzurzerea  Boulder  4t  e/e v.  3 70. 0 
4  bonny  location  -Topoq  Duij  ~ 


/ ■  i.Pcrlt.,  Ziumorc  Jtmr  t/cv.  r  9  ? 
Z.  St7_1"  C+lry  7e  tAv,  971/ 
3  Soruy.^Xeeqftan  -,r**y  Owe. 


got  9C1 6  i  X-M  L  Mucky,  Clayey,  b/k.  • 
6?  F,  5eom 
Nw  L  Ciaytu ,  &IK. 
==T\^bP-S7M  F-M,  Dk  Gray  f 

JL>1£>  _ "V-ML  Clouey,  ZK.&ra  y  _i~ 

SP-  3M  Gravelly ,  Gray  £>r. 


AIL  MucKy ,  CJoyey,  bh C 


-SP  M,  Gravelly,  br.  Gray 
“SP-5M  Gravelly*  Green- Grot/ 


/  F/lver-  Lain  cuo7er  SurFace  eJev.  -  97F.O  .;/£ 
Z.  Set  F."  rnn/ny  fa  p/ru.  9&2.F.  ■  \ 

S^JSoriny  locationzJhpoy  Du>j.~J430-£~/iy/<3l , 


ho  fee  ; _ _ _ _ _ 

.  .L-Sf/eer  Coke  auaier  Surface  c/cv.  =  974.0, 

Z  Z<  Se/  4  ’  cas/'ny  rt>  e/ev.  359, 8. 

~  ■?.  Raring  local  ion  -  7apaa  Ova.  A130 -F-  IG/FI. 


/.  -S’-  Furr , 
Z-  Set  *"  ‘ 
3.  Snccuntt 
c.  &Onnj  l 


8L-n/» 
i  FPe  .  ytX. 


~ei£-9fjy _ 

jn?/-A,:y?OG 


>»f  »r>  | 


'fzn.l'fi'y  _£.>*  F’ucAj'.ZZecr 
'f  VC.  laaiiC~SvecC  “ 

vcry~Fenee 7  Oar*. 

V  Ttn..ofl£c*fratJt 


■  ■  iv. i.  nr.  g 

[ 


Js/fy,  &r*y  -  <5r*ejy  -  7*/l 


<j>*»+rc  Jtevtr  Oiv.  t  9??.  £ 
"c+s»j  «/«•'.  9?l  t 

-Jpc*  f/as*  r-  DusQ. 


Zi*994r'<r~7£v*S'  C/£fc*  -  JW 
A  SG6J 

frcmifsest  —  rcfoj  ** 


SUBMITTED  BY 


US 


AIL |  M ucKy,  CJot/ey,  &//C. 


Sr  M.  Gravelly,  &r.  Gray 
SP-  SM  Gravelly,  Green  -  Gray 


maety  £*tcl 

CL,  3afJ,  3andy,  fieri  Grey 
Tan;  c>r**ri- Gray 
AouMta  ,h  C  ley  mafn/ 
3>analy  ,  Tan 

3; Hi  Gr-relr,,  7hn-£u/jf 
Sanely,  Gray 
A?/  a/  Tea/naef- 


e  ujatcr  surface  e/cir,  a  574-.0 

inq  to  a/ev,  3£T.B.  - 

ohan  --Jhpaa  0<*a.  AA30-5-.J0/8 


/.  S.  Tom*.,  2vmlre  fiver  e/e*  *  9?£.Z. 

I-  Set  *"  eaurf  fa  e/av,  5?2? 

J.  £  nccur.rered  boulder  At  e-lev.  571.7 
A-  Borina  location  - Topoj  Duij. 


%£. v/af Jar-ci,  BfacA. 
Tandy,  Gray  -  Green  -  Tan 


TScal/aoC 


SUtWTTtBI  IT 


DEPARTMENT  OF  THE  ARMY 
st.  mui  winter,  tom  o»  wiitmii 

n.  p/un,  mmncsota  /  ; 


DESIGN  MEMORANDUM  NO.  2  PHASE  IB.  FEATURE 

APPENDIX  —  B 

FLOOD  CONTROL*  MISSISSIPPI  RfVER 

S.  FORK  ZUMBRO  RIVER- ROCHESTER.  MINNESOTA 

ROCHESTER 

BORING  LOGS  84-88M  THRU  86-94M 


OATfc 

JANUARY  I  #87 


DRAWING  NUMREt 


SHIP  OF 


PLATE  B-9 


T 


S&  -95 A/ 
&  dpr  /?8t> 


86-96M 
9  Apr:  1986 


980 


970 


960 


950 


Blows 


B  biVS  — 


ms  9777 
Bat  9  75.  7 


2o 

35 
.  46 
ZOO* 


GM 


953.2 


zr 


M 


-  mater 

■  Very  Soft,  Mucky,  Block 
-Loose,  B/ock  -  Gray 

-  Very  Soft,  Black 

P/ast/c  f/nes ,  Tan  -  Green  -  Gray 


'ms.  977.6 
Bot  975.  6  ' 


B/oivs 


/oo+ 


-  Water 

-  SM,  Very  Dense,  Block 
Very  Dense,  Ton  -Gray 

I  Top  of  Bedrock 


Wi 

too * 


961.4 


■  Top  of  Bedrock 


Botes: 

/.  S.  Fork  Zumbro  Bluer  eke u.  977.7. 

2.  Set  4"  cosing  to  e/eu.  970.7. 

3.  Boring  location  -  Topog.  Dwg.  * 


Notes: 

/.  ~S.  Fork  Zumbro  Riuer  e/eu.  977.6. 

2.  Set  4"  cos/ng  to  e/eu.  973.6. 

3.  Dolomite.  S/ais/£>ou/ders  on  Riven  Bottom. 
4  ~Fkorino  location  -Topng  Dwj  * 


dotes: 

1.  S.  Fo> 

2.  Set  ■ 
seale 

3.  Borin 


3 


86  -loom 

-  12  Apr.  1986 


980 


970 


B/ows 


WS.  977.5 


Bot  975.3 

— 

l 

\. 

963.3 

Water 

Top  of  Bedrock 


960 


Notes: 


A  S.  Fork  Zumbro  ffiuer  e/eu.  977.5. 

2.  No  cos/ng  used. 

B.  0  7- Ft.  7~/>/ck  by  3 -Ft.  Sguere  Dolomite 
•Slabs  £y/st  On  Top  Of  Bedrock  Suifac  . 
4  Borin j  location -Topoy  Dwj.f* 


86-IOIM 
IT  Apr.  I9BG 


Slows 


WS.  977.6 


Bot  9739 


966.9 


SM 

X 


V 


Wafer 

Loose,  Block 
Top  of  Bedrock 


Notes: 

/.  5.  Fork  Zumbro  Riuer  e/eu  977.6. 

2.  Set.  4 "  cos/ng  to  e/eu.  971.9. 

3.  ffbundant  Scccrttarcd  /  to  3-Ft 
Diameter  Bonders  On  River  Bottom 

4.  Boring  location  -  Topog.  Dwg  * 


2 


1 


-  86^  96M 

.  _  9  Apr.  1986 


Blows  — ' 

WS.  977.6 

Bot.9tS.i~ 

loot 

GM 

— —  5M,  Very  Dense,  B/ock 
Very  Dense,  Ton  -  Gray 

ay 

961.4 

V  Top  of  Bedrock 

86  -  97M 
IO  Apr.  1986 


Notes: 

1. -S.  Fork  Zumbro  River  e/ev.  977.6. 

2.  Set  4"  cosing  to  e/ev.  973.6. 

3.  Do/om/ie.  6/a&s/3ovldcrs  on  River.  Bottom. 
4/Eacing^tacjition-  Topoj  Dwj  * 


Blows 

UiS  9T7.6 
lOO  *  Sot  973.  t 


-Water 

Top  of  Bedrock 


Notes. 

/.  S.  Fork  Zombro  River  e/ev.  977.6. 

2.  Set  3'  casing  to  e/ev  973.6, 
seated  w/grcut. 

3.  Boring  location  -  Topog.  Dwg  -* 


8k  -  98  M 
IO  Apr.  /98k 


Blows 

—  1VS.  977  6 
Bot  976  ! 


Water 

Very  Soft,  Muc, 

Dense  to  Very 
Cobb/es,  Dree, 

SP,  Dense,  Gr 
GM,  Dense,  Sr 
Top  of  Bedroc 


Notes: 

1.  5.  Fork  Zumbro  River  e/ev.  9776 

2.  Set  4"  casing  to  e/ev.  967./. 

3.  Cobbles  find  Boulders  In  coon: 
At  FA.  972. & 

4.  Bormj  location  -Topoj.  £>w<j.  ,** 


86-IO/M 
!7  Apr.  1986 


86  -  /OZM 
9  May  1986 


Blows 


WS  977.6 
Bot  9739 


■  Water 

/ _  nr _ z. 


WS.  974.3 

of5  y  i 


Water 

Top  of  Bedrock 


66  -  99, M 
II  Apr.  I $ei= 


Blows 


_ —  Water 

Very  Soft  Mucky,  Black 

Dense  to  Very  Dense.  Sandy,  . 
Cobb/es,  Green  ^ 

r-  SP,  Dense,  Gravelly,  Green 
y-—  GM i  Dense,  Green  -  Ton 
~'N~-  Top  of  Bedrock  - 


Rarer  e/ev.  977. 6. 
to  e/ey.  967./. 

Moulders  Encountered 


W.S.  977.6 


Bot  974  / 

V 

— r- Wo  ter 

Top  of  Bedrock 

963.6 

LS 

Notes: 

l  5-  Fork  Zumbro  River  e/ey.  977.6. 

2.  No  casing  used. 

3.  Boring  location  -  Tbpog.  Dwj.  ** 


l-Topoj.  £)wj. 


Blows 


66  -to 3 Ad 
/O  May  /986 


WS.  974.3 
Bot  971.8  f 


-Water 

Top  of  Bedrock 


■  Notes:  - 

/  S.  Fork  Zumbro  River  e/ev.  97d.  3 

2.  No  casing  used 

3.  Boring  location  -  Topog.  Dpj 


DEPARTMENT  OF  THE  ARMY 

n.  FAUl  KTKI.  COIFS  OS  IN01NEIIS 
SI  FAIA,  MINNISOIA 


DESIGN  MEMORANDUM  NO.  2  PHASE  IB.  FEATURE 

APPENDIX  -  B 

FLOOD  CONTROL  -  MISSISSIPPI  RIVER 
S.  FORK  ZUMBRO  RIVER -ROCHESTER.  MINNESOTA 
ROCHESTER 

BORINO  LOGS  86  -  95M  THRU  86-I03M 


D* A  WING  NUMBEI 

shot 

Of 

PLATE  B- 10 


i 


fed 

■v.v.'l 


^—-Ve/ifed  Cap. 


p/s^omste/s.  /-A 

JL  A  J_ 

3Le\/A  T/au  AT 

383.(0 5  983^0  380.40 


CQ*jc&ere 
.  se#L 


Se/ilk/iife. 

Se«/ 


980-0  5 


%  %  fyu'XccJ  S,‘/9y  C/ay 

// ,  /  /j  Soo/ 


A/A^-lrin  c/k.  />//V 


»S^a/Z) 

Sfttwu, 

8EM70K//T& 


3<a.(,s 

8(03.(08 


■  /  'U  -in  u/e//  screen 
(  screen  s/je.  - 


878.8o  398.40 

3H>&>  993. 40 


358-80  95Z.40 

353.80  399.40 


S£3L 

—  3c,!.£S 

95/.8o 

s>»  or  seje. 

SAajld 

f/c-re/e. 

^  958.3  5 

349.50 

>/!0m  OA  66 

»*/  9S™ 

947-50 

—  559.  /g 

340-90 

± 

330.47. 


3T9.91 

975. n 


90$.  47. 

941.  fz 


ffS-ft 


OE£/$H  /HOMO.  Ajm  TlOOS  (U^TftOi. 

s.roAe.  sumeAo  /e-ve-e 
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PLATE  B-13 
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GENERAL  NOTES:  ..  .  ,  ■ 

- - -  ,  j  Resistance  as  described  on  Elate  a 

1.  ” Blows”  indicates  Standard  Pene  _^^  ^  olven  in  the  stick  logs.  The 

2. 


3. 


A. 


5. 


6. 


7. 


8. 


9. 


"Blows”  indicates  Stand** ^^“are  given  in  the  stick  logs.  The 
sou  types  “f  eLon«red  are  presented  to  the  right  of  the 

““tL  IbbrevS^d  descriptions  used  in  the  logs  is  presented  on 

Plate  B-15.  ,  ,  used  to  advance  the  borings,  along  with  other 

Descriptions  o£  the  »«h°ds  used  to  ad  B_4  B_10. 

drilling  information,  are  presen  e  respect  to  project  stationing, 

The  locations  of  borings  on  “0en  on  Plateslh  through  23. 

Wate^levels,  Sifted  We  symbol  -T.  represent  water  levels  first 
Mor^detaile^descriptions'of  the  -hsurface^teriais  encountered  are  lot, 
The'typ^of^edrock^encountered  i'n  the  borings  ii  presented  along  the  righ, 
Th^locat ion^of '  Section  A-A  is  shown  on  Plate  B-16  - 
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83-6 1M 


So-  23M 


S/HMt 


5M 


CL 


~r 

7  T 


■  ML  ,  f. 

L. 

F. 


-rp-SM,  o 

■6M,, 

Del. 


SK. 
Dot . 


5EXTI0N  A-A 


q  Resistance  as  described  on  Plate  B-15. 

are  given  in  the  stick  logs.  The 
red  are  presented  to  the  right  of  the  logs 
used  in  the  logs  is  presented  on 

dvance  the  borings,  along  with  other 
n  Plates  B-4  through  B-10. 
e,  with  respect  to  project  stationing,  are 
are  shown  on  Plates  16  through  23. 

"V",  represent  water  levels  first 

surface  materials  encountered  are  located 
hrough  B- 10 . 

e  borings  is  presented  along  the  right 


3L 


on  Plate  B-16  . 


84-76M 


B3-53M 


84-77M 


64 -78M 


84-79M 


ml 


AUmUM 

BEDROCK 


174+00  179+00  176+00  177+00  176+00  176+00  160+00  161+00 


« _ 

CL  F  (Flit) 
?6  MD 
(fill) 


ik  LS£.  L. 

tO 


m 

UrUh'WU 


7'Ur 


meesm 


1  *BlOWS'  INDICATES  STANDARD  PENf TRAT ION  RESISTANCE  IN  BLOWS 
PtR  FOOT,  UNLESS  OTHERWISE  NOTEO.  TO  DRIVE  A  2-»N  OD 
CSTO»  SAMPLER  WITH  A  i40-FT  LB  HAMMER,  FALLING  50-IN  ,  AND 

IS  SHOWN  TO  THE  left  of  the  boring  log 

2  SOIL  TYPES  ENCOUNTERED  IN  THE  BORINGS  ARE  GIVEN  IN  THE 
STICK  LOGS  THE  CONSISTENCY  OF  MATERIAL  ENCOUNTERED  IS 
PRESENTED  TO  THE  RIGHT  Of  THE  LOG 

5.  A  KEY  TO  ABBREVIATED  DESCRIPTIONS  USED  IN  THE  LOGS  IS 
PRESENTED  ON  THIS  PLATE 

4  DESCRIPTIONS  OF  THE  METHODS  USED  TO  ADVANCE  THE  BORINGS, 
ALONG  WITH  OTHER  DRILLING  INFORMATION,  ARE  PRESENTED  ON 
plates  b-4  through  b-o 

5  THE  LOCATIONS  OF  BORINGS  ON  THIS  PLATE,  WITH  RESPECT  TO 
PROJECT  STATIONING,  ARE  APPROXIMATE  ACTUAL  BORING 
LOCATIONS  ARE  SHOWN  ON  PLATES  16  THROUGH  23 

A  WATER  LEVELS,  INDICATED  BT  THE  SYMBOL  “O*,  REPRESENT 
WATER  LEVELS  FIRST  ENCOUNTERED  IN  THE  BORINGS 

T  MORE  DETAILED  DESCRIPTIONS  OF  SUBSURFACE  MATERIALS 

ENCOUNTERED  ARE  LOCATED  ON  THE  BORING  LOGS,  PLATES  B-4 
THROUGH  »-K>. 

B  IF  BEDROCK  WAS  ENCOUNTERED  IN  A  BORING,  THE  TYPE  OF  ROCK 
IS  DESCRIBED  ALONG  THE  RIGHT  SIDE  OF  THE  LOG- 

t-  SECTION  LOCATION?  SHOWN  ON  PLATE  B-“*.  * 


-LOOSE 

-MEDIUM  OENSE 
-DENSE 
-VERY  DENSE 
-VERY  SOFT 
-SOFT 
-FIRM 
-STIFF 
-VERY  STIFF 

•  ?OlL  TYPES 

-WELL  GRADEO  GRAVELS,  UTTLE  OR 
NO  FINES 

-POORLY  GRADED  GRAVELS,  LITTLE 
OR  NO  FINES. 

-SILTY  GRAVELS. 

-WELL  GRADEO  SANDS,  LITTLE  OR 
NO  FINES 

-POORLY  GRADED  SANDS,  LITTLE  OR 
NO  FINES 
-SILTY  SANDS 
-CLAYEY  SANDS 

-low  plasticity  silts,  liquid 

LIMIT  LESS  THAN  50 
-HIGHLY  PLASTIC  SILTS,  LIQUID 
LIMIT  GREATER  THAN  50. 

-LOW  PLASTICITY  CLAYS,  UOUID 
LIMIT  LESS  THAN  50 
-HIGHLY  PLASTIC  CLAYS.  LlOUlD 
LIMIT  GREATER  THAN  50 
-ORGANIC  SILTS/CLAYS,  LIQUID 
LIMIT  LESS  THAN  50 
-ORGANIC  SILTS/CLAYS,  LIQUID 
LIMIT  GREATER  THAN  50. 
-DOLOMITE 
T -SANOSTONE 
-  ShalE 
T.  -LIMESTONE 


i-ml,  (Fan 
]Mn  (run 


fuMimo  irT 


T - "" - nt-nw'  '  j  Mn  |ww»* 
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- —  SinS  it"  •** 

-  JANUARY  MT7 

= — “ .  W  “*  AS  *MOWN  l*““ 


PLATE  B- 1 5 


SECTION  A-A 


SECTIONS  B-B,  C-C,  &  D-D 


Project 


Station : 


ROCHESTER  FLOOD  CONTROL:  REACH  IB  FDM 


Range; 


Sample 

No. 

Depth 

To 

Bottom 

Of 

Sample 

Hole 

I  80-13 

2 

mmm 

4 

8 

31.5 

Plasticity  _ Grading  (Cumulative  Pe 

^Att.  Limits)  Hyd.  Anoisis  I  U.  S.  Standard 


Fines  I  Sand 


.005  |.02mm|  zoo  |  eo  |  40  |  20  |  10 


MRD  FORM 

NOV.  75  ‘6  EDITION  OF  MAY  70  IS  OBSOLETE 


SOIL  CLASSIFICATION  RECORD  SHEET 


10L:  REACH  IB  FDM 


Boring  No 


80-13M  thru  81-3 


Range : 


Surf.  Elev : 


Depth  To  Water  Table: 


) 

rr 

Grading  (Cumulative  Percents  Fin 

er) 

Gradation  Curve  Analysis 

Classifii 

Tech.  MEM  03- 

Hyd.Analsis  |  U.  S.  Slandard  Sieve  Sizes 

Fines 

Sand 

Gravel 

■3JH 

■jfff 

■Cj 

KQI 

cu 

Cc 

.005 

02mm 

200 

eo 

40 

20 

10 

4 

ESMam a 

3  in 

_  1  1111  1  !  1  j 

21 

00 

74 

83 

87 

91 

93 

[95 

100 

0.50 

0.30 

0.15 

3.3 

1.2 

CL 

6 

14 

49 

80 

93 

98 

' 

wmm 

_ 

17 

29 

64 

80 

87 

94 

97 

100 

wmm 

• 

■H 

ML 

_ 8j 

12 

29 

.  57 

76 

mm 

100 

0.95 

0.42 

0.13 

7.3 

IK* 

!.  I 

1 

_ 

CL 

3 

7 

63  j  92  1  98 

199 

100  i  | 

0.40 

0.27 

0.18 

2.2  _ 

1.0 

9 

17 

42 

76 

93  !  98 

100  1  ! 

0.58 

0.28 

0.090  1  6.4 

1.5 

! 

»  1 

i  i 

1 

_ 

1 

!  1 

1  1  1 

_ L _ 1  J 

: 

1 

_  1  !  ■ 

!  I  i 

MH 

7  I  75 

98  !  100  I 

1  I 

0.38 

0.27 

0.18 

mm 

BEK 

5 

10  j  38 

99 

1001  ! 

0.78 

0.36 

0.16 

1.0 

1  1 

i  i 

. . !  1  ! 

till 

1 

1  !  •  ! 

i 

! 

i 

CL 

5 

6  '•  9  |  15  !  20 

27 

33  |  42  i  54  1100 

0.42 

104.6 

wm 

J 

7 

14  !  42  i  70 

87 

94 

98  !  1001  i 

0.62 

0.30 

0.12 

nm 

1 

— 

'  "1 

1 

r- 

2 

4 

49 

93  |  98  1 

100 

§  US  j 

0  •  oO 

0.20 

2  •  o 

0.98 

i  3 

6  i  31 

■311 

96 

100  1 

0.80 

0.40 

0.19 

4.2 

1.1 

■■■ 

■ 

■ 

_ 

L_ 

i 

_ 

3SOLETE 


RD  SHEET 


Boring  No:  i 

80-13M  thru  81-32M 

MRD  Lab.  No  : 

Depth  To  Water  Table  -- 

Bottom  Of  Hole : 

ition  Curve  Analysis 


Classification 
cu  Cc  I  Tech.  MEMO  3-357,  May  67 


Remarks 

PL 


27  |  0.18 


36 


0  I  0.42  jl04.6 


5.2  I  1.2 


401  0.19 


DESIGN  mehorandum  no. 


PHASE  .  -  FEATURE 
APPENDIX  8  -  GEOTEC 


FLOOD  CONTROL 
ROCHESTER.  HINNESOTA 

CLASSIFICATION  TEST  RESULTS 
S0-13M  THRU  81-32M 


St.  P«ul  District.  U.S.  Army  Cores  of  Engin««r» 
en.  mb  Jsnusry  1987 

N°-  PLATE  8-17 


SOIL  C 


Project : 


ROCHESTER  FLOODS  CONTROL :  REACH  IB  FDM 


Station : 


Range ; 


Sample 

No. 

Depth 

To 

Bottom 

Of 

Sample 

Moist¬ 

ure 

(%) 

Plasticity 
(Att.  Limits) 

rr 

Grading  (Cumulative  P 

[  Hyd.Anolsis  U.  S.  Siondorc 

L.L. 

P.  1. 

i  Fines 

|  Sand 

.005 

.02  mm 

200 

80 

40 

20 

10 

Hole 

81-44 

2 

5,* 

2 

2 

24 

f  71 

83 

3 

9.2 

10 

48 

97 

1  99 

100 

4 

l'tk.O 

5 

19  1  54 

i  77  189 

6 

24.0 

4 

9 

35 

59 

79 

8 

33.9 

8 

14 

39 

61 

80 

11 

44.3 

4 

6 

32 

59 

84 

14 

56.4 

13 

18 

24 

31 

40 

- 

Hole 

S3-52M 

1 

3.0 

1 

’5 

26 

84 

98 

1  oa 

i _ 

|  UaTo  I  S~_=.4M| 

7 

11.5 

17.1 

26 

15 

43 

52 

76 

67  i  92  1 

u 

*« 

48  i  6^  1  97  1 

6  1  20.5 

4 

6 

39  !  70 

CM 

CO 

| 

i  ! 

j 

Hclel  S3-55M 

_ ! _ ! _ 

J 

2  |  6.5  ! 

21 

24  !  34  1  43  i  54  1 

3  1  10.5  1 

25 

2B  1  38  i  48  i 61  : 

4  |  16.5  1 

2 

4|17  |  35  :  61  1 

5  i  21.5  ! 

4 

7  '  32  !  64  86  ! 

1  1 

. 

i  1  :  l 

Hole!  S3-56M 

!  !  i 

~“i  i  T7! 

44 

53  i  61  i 

7=  i 80  1 

2  T  6.5 

4 

9  !  56  i  83  I  91  i 

n  i  n.5  i  i 

6 

9  i 

20  i 

29  i 38  i 

! 

1 

Hole 

33-57MI 

2 

6.5  1 

!  >  25 

29  ! 

65 

92  i  98  ! 

16.5  1 

i  !  12 

14  ' 

18  i 

■20  !  26  | 

| 

l 

MRD  FORM 
NOV.  75  16 


EDITION  OF  MAY  70  IS  OBSOLETE 


SOIL  CLASSIFICATION  RECORD  SHEET 


0L:  REACH  IB  FDM 


Boring  No : 

81-44H  through  83-57M 


Range ; 


Surf.  Elev : 


Depth  To  Water  Table: 


n 

s)_ 

Grading  (Cumulative  Percents  Fin 

er) 

1 - ; - 

|  Hyd.Anolsis  U.  S.  Slonaord  Sieve  Sizes 

LJL 

uuuuon  ^urve  Analysis 

1. 

|  Fines 

|  Sand 

j  Grove! 

m 

B 

El 

Cc 

u  iOSSIT 

Tech.  MEMO  ■ 

.005 

,02  mm 

200 

80 

40 

20 

10 

4 

3/8 

V4 

MBA 

3  in 

. 

_ 

i _ 

2 

2 

24 

LZi_ 

83 

86 

89 

97 

100 

iPIEEl 

0.28 

tea 

HU 

10 

48 

97 

|  99 

100 

1 

0.22 

0.11 

0.074 

0.74 

— 

5 

19  1 

1  54 

i  77  189  ! 

94 

100 

1 

0.47 

0.24 

0.11 

1  4.3 

IB 

\mmmm 

4 

9  i 

i  35  1  59  |79  j 

90 

97 

97 

1100 

0.87 

0.36 

6.18 

4.8 

0.83 

8 

14 

39 

!  61  |80  1 

91 

100 

i _ 

0.80 

0.30 

0.11 

7.3 

1.0 

„.  4 

6  1 

32 

59  | 

84  ] 

91 

94 

96 

1100 

to. 19 

4.7 

IEKS 

13 

18 

24 

31  1 

40 

52 

70 

87 

lioo 

# 

I 

: 

i 

26 

84 

vO 

00 

i  100 

• 

i 

j 

1 

i _ ! 
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43 

52 

76 

!  S7  1  92  i 

E9 

IOC 

1 

! . . 

CL 

4 

_AJ 

100 

_ 1 

!  1 

mm 

Mimwmm 

0.92 

1 

4 

6 

39  !  70  1  32  i 

89  1 

Q“5  ! 

97  ncc  i 

HHUMtti 

10.19  i  3.2  : 

0.99  ' 

■ 

1  !  : 

_ ! _ 1 _ ! _ 

I 

f  i  i  1 

! _ 1 _ 

1 _ ! _ 1 _ : _ i _ 1 

■■  ■ 

iii.j 

21 

■ 

i  1  i  1 

1 

82  1  98  i  1  CO  i 

_ 

. ■  i  !  1  1 

2 

96 !  97  n 00  | 

1  .9  |  0.69  10.29  1  6.6  (  0.86 

4  1 

7  '  32 

64  66  !  C4  1 

97 i  98  :  1  CO  i 

0.78  0.39  i  0.19  i  4.1  |  1 .0 

■ 

* 

i 

:  i  1 

!  1  I 

1 

1 

i 

1 

; 

i 

i  1 

j  i  1 

.  i 

1 

44 

53  i  61 

67  1  91  1  100  j 

i 

i 

i 

1 

4 

MUJIMMMsfli 

97  j 

i  oo  i  i 

0.43  j 

C.27  | 

0.16 

2. 

0.9«. 

_ 1 

6 

9  i 

20  i 29  i 38  1  52  | 

66  i 

81  ! 

100 

6.7 

0.91  1 

0.13 

51.5 

0.95 

I _ i _ 

: 

! 

.... 

_ i _ 

1  •  25 

29  ! 

65  1  92  !  93  HOC  | 

wm 

wm 

jssbi 

■ 

■ 

■■ii 

■ 

i  i  12  j 

14  | 

16 

20  !  26  |  36  | 

mm 

■i 

mmm 

BBS 

mw\ 

wm ii 

1 

r 

_ 

_ 

— mm m l 

OBSOLETE 


ORD  SHEET 


Boring  No  = 

81-4AM  through  83-57M 

MRD  Lab.  No : 

Depth  To  Water  Table: 

Bottom  Of  Hole: 

idation  Curve  Analysis 

- -  Classification 

Cu  Cc  Tech.  MEMO  3-357,  May  67  pl 


Remarks 


0.28 

MIZMWfm 

0.074 

5.0 

0.74 

0.11 

4.5 

W 

0.18 

4.8  | 

0  •  80 

0.11 

EH 

1.0 

0.19 

IfcBfl 

EES 

0.19  i  3.2  !  0.99 


0. 8c 


!  0.19  i  i.l  I  1 .0 


0.16  |  2.m  |  0.94. 


DESIGN  MEMORANDUM  NO. 


PHASE  ,  -  FEATURE 
APPENDIX  S  -  GEOTEC 


FLOOD  CONTROL 
ROCHESTER.  MINNESOTA 

ILASSIFICATION  TEST  RESULTS 
3 1-4. AM  THRU  83-57M 


St.  Ptul  District.  U.S.  Army  Cores  of  Enginssrs 
Fils  no.  January  1987 

PLATE  B-18 


Project : 


Station : 


Sample 

Depth 

To 

Bottom 

No. 

Of 

Sample 

Range; 


Grading  (Cumulative  P 


Hyd.  Anolsis  U.  S.  Slondorc 


Tines  I  Sand 


.005  .02mm  200  SO  40  20  10 


Exploration  Co.  Sti  Pauli  MN 


Grading  (Cumulative  Pi 


Hyd.  Ana  Isis  U.  S.  Standarc 


Fines  I  Sand 


.02mm  2oo  inn  40  20  to 


MRD  FORM .  _ 

NOV.  75  16  EDITION  OF  MAY  70  IS  OBSOLETE 


SOIL  CLASSIFICATION  RECORD  SHEET 


Surf.  Elev : 


Boring  No; 


Depth  To  Woter Table: 


KKasiKniraniannEaEMi 


Gradation  Curve  Analysis 

- -  Classificatii 

Cu  Cc  Tech. MEMO  3-35/ 


\ 


MRD 


SOIL  CLASSIFICATION  RECORD  SHEET 


EACH  IB  FDM 


Boring  No  = 

B4-75M' through  84-88M 


nge; 


Surf.  Elev : 


j  Depth  To  Water  Table: 


Botti 


Isis  I 


Grading  (Cumulative  Percents  Finer) 


U.  S.  Standard  Sieve  Sizes 


Gradotion  Curve  Analysis 


ID  SHEET 


Boring  No  = 

B4-T5M' through  84-88M 

MRD  Lab. No: 

Depth  To  Water  Table: 

Bottom  Of  Hole; 

Hon  Curve  Anolysis 


Classification 
Tech.  MEMO  3-357,  May  67 


Remarks 


DESIGN  MEMORANDUM  NO.  2  PHASE  /A  .  -  FEATURE 

APPENDIX  B  -  GEOTEC 

FLOOD  CONTROL 
ROCHESTER,  MINNESOTA 

CLASSIFICATION  TEST  RESULTS 
84-75*4  THRU  84-88M 


St.  Paul  Olatnet,  U.S.  Anay  Corea  of  Engineers 
File  no.  January  1987 

PLATE  8-20 


GRADATION  CURVES 


GRADATION  CURVES, 


U&  STANDARD  SIEVE  NUMBERS 


A/eve/ti  3€id.  /??& 


tti.  STAMOAftO  StCVC  NUMBERS 


vn 


vn 


GRADATION  CURVES 


PLASTICITY  INDEX 


DESIGN  MEMORANDUM  NO. 2  PHASE  tB  ,  -  FEATURE 

APPENDIX  B  -  GEOTEC 


'CO 


FLOOD  CONTROL 
ROCHESTER.  MINNESOTA 

PLASTICITY  CHART 


3 


St.  Paul  District.  u.S.  Army  Corns  of  Engmssrs 
Fils  No.  January  1987 

PLATE  B-38  - 


Project  ••  ~  - 

Rochester  Flood  Control:  Reach  IB  FDM 


Station : 


Sample 

Oepth 

To 

Bottom 

No. 

Of 

Sample 

P.  I. 


Range1 


Grading  (Cumulative  Per 


Hyd.Analsis  I  U  S.  Standard 


Fines  Sond 


.009  .02mm  200  80  40  20  10 


43  I  56  76 


M  I  Composite  t>f  Sacrs  1  and  1 2 


7.0  27  14  35  39  64  91  98 


^■68  M  ■  Com 


10.0,  27  14 


2  flFILLI) 


44  55  78  93  99  |1 


msii 

m mi 


MRD  FORM  ,  _ 

NOV.  75  16  EDITION  OF  MAY  70  IS  OBSOLETE 


3  l« 


SOIL  CLASSIFICATION  RECORD  SHEET 


Boring  No: 

Misc.  bag  samples 


Depth  To  WoterToble: 


MRD  L 


Bottor 


Cumulative  Percents  Finer) 


U.  S.  standard  Sieve  Sizes 


Gradation  Curve  Analysis 


Classification 

c  |  Tech.  MEMO 3-357,  May  6 - 


IEET 


Boring  No: 

Misc.  bag  samples 


Depth  To  Water  Table: 


»  Analysis 


MRD  Lob. No: 


Bottom  Of  Hole1 


F 

|  Classification 

Tech.  MEMO  3-357,  May  €7 

Remarks 

PL 

\ 

I  Silty  sand 


Clayey  sand 


Clayey  sand 


Silty  sand 


Glass,  cinders 


wood  in  gravel 


portion  19 


3.0  11.0  I  Sand 


Clayey  sand 


DESIGN  MEMORANDUM  NO.  2  PHASE  ,  -  FEATURE 

APPENDIX  S  •  GEOTEC 

FLOOD  CONTROL 
ROCHESTER,  MINNESOTA 

CLASSIFICATION  TESTS  SUMMARY 
OIRECT  SHEAR  TEST  SAMPLES 


St.  Psul  District.  U.S.  Amy  Corps  of  Enginssrs 
Fils  no.  Jsnusry  HS7 

PLATE  B-37 


GRADATION  CURVES 


IdOSl  fop)  AHuv. 

GRADATION  CURVES 


U.S.  STAMOAJtO  SIEVE  NUMBERS 


res 


U  &  fTANOAftO  SIEVE  NUMBERS 


PLASTICITy  INDEX 


DESIGN  MEMORANDUM  NO.  2  PHASE  /B  .  -  FEATURE 

APPENDIX  S  -  GEOTEC 


-fSO 


FLOOD  CONTROL 
ROCHESTER.  MINNESOTA 

PLASTICITY  CHART 


3 


St.  Paul  District.  U.S.  Army  Corps  of  Enginaars 
Fils  No.  January  1987  . 

PLATE  B-36  - 


Project: 

Rochester  Flood  Control.:  Reach  IB  FDM 


Station : 


Range1 


Sample 

Oepth 

To 

Bottom 

No. 

Of 

Sample 

Plasticity 
Att.  Limits) 


P.  I. 


Cumulative  Per 


Hyd.Anolsts  I  U.  S.  Standard 


Fines  1  Sand 


oos  .ozmm  zoo  eo  |  40  |  zo 


A3  I  58  |  76 


M  I  Composite  cf  Sacks  1  and  2 


7.0  27  1A  |  |  I  135  I  39  1 6A  |  91  I  98 


■FafifoSl 

I 


-68 

i  M  ■  1 

I  Com 

13 

2 

10.0  -  I  27  I  1A 


site  fcf  Sacks  3 


iasEj 

mil 


AA  I  55  I  78  93  99 


28 

36 

76  | 

92 

97- 

Composite  of  Sacks  1  and  2 


10.0  I  I  I  I  I  ! 16  |  29  I  95  1100 


f  Sacks  3  land  I  A  (LOWER  AL 


16  26  69  85  92 


BBlg 

mmi 

\mmm 


and  |  2  (FIL 


37  I  A8  |  72  |  86 


M  I  Ccmpbsite 


8.0  I  36  I  17 


M  Compbsite  bf  Sacks  7  and  8  ( LOWER  AL 


20.0  I  —  I  -  I  II  I  5  I  8  |  38  |  75  I  90 


n 

mm 

mmm 


MRO  FORM,- 

NOV.  75  16  EDITION  OF  MAY  70  IS  OBSOLETE 


SOIL  CLASSIFICATION  RECORD  SHEET 


Boring  No: 

Misc.  bag  samples 


Depth  To  Woter Table; 


MRD  L 


Bottor 


,  Classification 

c  j  Tech.  MEMO  3-357,  May  6, 


IEET 


VERTICAL  DEFORMATION,  IN.  SHEAR  STRESS,  r.  T/SO  FT 


IJUNM  2092  <&*  niO-2-l9Ml  NRVK9US  (OrnONS  ARE  owoun  (TZAHSLUCEHT) 


m  MATE  0-3 

PLATE  B-38 


VERTICAL  DEFORMATION, 


NORMAL  STRESS.  «.  T/SQ  FT 


HORS.  DEFORMATION.  IN 


SHEAR  STRENGTH  PARAMETERS 


CONTROLLED  STRESS 
CONTROLLED  STRAIN 


TEST  NO. 


WATER  CONTENT 


VO»  RATIO 


SATURATION 


ocvotNRirr. 
LR/CU  FT 


von  RATIO  AFTER 
CONSOUOATION 


TIME  FOR  SO  PERCENT 
CONSOUOATION.  MtN 


WATER  CONTENT 


van  RATIO 


SATURATION 


NORMAL  STRESS. 
T/SOFT 


MAXIMUM  SHEAR 
STRESS.  T/SO  FT 


ACTUAL  TIME  TO 
FARUER,  MM 


RATE  OF  STRAIN,  IN./MM 


ULTIMATE  SHEAR 
STRESS.  T/SO  FT 


X  .0001 


2-5  % 

>0’7% 

1.88 

mm 

B.4  % 

77-  % 

81. 

122.5 

1.08 

.38 

1.82 

.30 

I 

H 

.75 

.75 

.591 

.622 

1820 

240 

3.93 

3.6 

.530 

.575 

REMOLDED 

TYPE  OF  SPECIMEN 

classification  Clayey  sand,  SC 


*  13 


REMARKS  _ _ 


PROJECT  ROCHESTER,  MN?  NCS- H»-0»-*S-ED-6H 


MRO  Lfffl  NO  I  86/216 


sosmono.  8S-57M 


OEFTH 


sample  no.  Sacks  1  &  2 


DATE 


DIRBCr  SHKAR  TfST  WORT 


1  JUN  «s 


2092  (BM  II 10-1-1906)  FREVOUS  nmoMS  ARE  ORSOLETE  ( TKANSLVCBNT ) 


ML :  IN  IT-IINH 


PLATE  IX- 3 


PLATE  B-39 


1  JUN  M 


2092  fBM  1110-2-1906)  famous  fomoNs  ak  omouti  (translucent) 


IM:  IWW-IM 


“•  FIAT*  0-3 

PLATE  B-40 


VERTICAL  DEFORMATION.  IN.  SHEAR  STRESS,  r,  T/SQ  FT 


.25  .5 

NORMAL  STRESS,  *,  T/SQ  FT 


3-  % 

7,1  % 

l.M 

.46 

B-2  % 

42.  % 

73.6 

115.5 

L.2«! 

.46 

TIME  FOR  90  FCRCMT 
CONSOLIDATION.  MIN 


WATER  CONTENT 

w. 

VOIO  RATIO 

Rr 

SATURATION 

a 

MAXIMUM  SMEAR 
STRESS,  T/SQ  FT 


ACTUAL  T1MI  TO 
FAAUM.  MIN 


RATE  OF  STRAIN,  IN./MIN  ^  »M81 


ULTIMA  11  SHEAR 
STRESS,  T/SQ  FT 


TYPE  OF  SPECIMEN  Renolded 


CLASSIFICATION  siUy  sandf  SM 


u 


PI 


PROJECT 


LPB  NO I  86/216 


SORING  NO. 

84-77 

DOTH 

ft 

14-18  ' 

2092  (BM  IU0-J-I906)  FRR1HOUS  BUTTONS  ARE  ORSOLETE  (TRANSLUCENT ) 


***** Sacks  3  &  4 


DATE 


TBT  REPORT  PLATE  B-43 


•»  i  ••••  PLATE  0-3 


1  JUN  AS 


VERTICAL  DEFORMATION,  IN.  iHEAR  STRESS,  r.  T/SQ  FT 


.  1 
.05 
0. 

-.05 

-.1 


TAN  o'  =  . 


COMTROURD 

CONTROUfO 


TYFEOFSFEOMEN  Rem0lded 


CLASSIFICATION  Clayey  sand)  SC 


u  17 


n  19 


PROJECT  ROCHESTER;  NCS-IR-B6-8S 


HRO  LflB  NOi  88/216 


•ormo  no.  84-78 


depth  ->  „ 


1  JUN  M 


2092  (KM  II 10-2-1906)  PMVnw  fOmONS  AM  ORSOtm  ( TKANSIUCKNT ) 


jampu  no.  sacks  1  &  2 


DATE 


DIRECT  SHEAK  TEST  R&OftT  PLATE  B-AA 


iNumN-iHAii  PLATE  IX-3 


VERTICAL  (X  FORMATION,  IN. 


1  JUN  M 


2092  (EM  1 1 10-1- 1906)  ncvnus  KMTKX*  am  OUOUff  (TRANSLUCENT) 


sammh o.  sacks  7  &  8 


DATE 


MRKCT  SHKAt  THT  RffORT  PLATE  B-45 


_ _  rut*  tx- 3 


T/sorr 


TYKOT  SKdMCN 


CLASSIFICATION 


u 


Clayey  sand,  SC 


^  in 


phojkt 


MRD  LflB  NO I  86/216 


mono  no.  84~8M 


"""  S.IS 


2092  (BM  IH0-2.I9O6 )  ncveus  iwno*  am  omouti  (TBAHSLVCMST) 


samwno.  sacks  1  &  2 


BMC 


MtKT  SMEAR  TBT  MEPORT  FATE  B-46 


^  M :  I9«t  NATI  QL1 


1 — ]■ 

I 


J  0»r  Of  NSITY 

<  L.BS  cu  ft 


VOID  RATIO 


1  oj 


42.7  42.4  41.0 


74.9  75.6  75.9 


1.15  1.13  1.12 


37.5  35.2  31. 


78.5  84.4  hi. 7 


92.  108. 


.91 


3.38  3.38  3.30 


STRAIN 


IMITHL  OlAMCTCa  IN. 


INITIAL  NdSMT.  IN 


1.92  3.34 


1080  960 


1.89  3.29 


1.4  1.4 


3.  3.01 


Sandvcjav,  CH,  ooasib.lv  contains  some  organic 


ll  56  25  \m‘  31  Is*  2.58  '  *»«>«  o»  smcomkn  UNDISTURBED  I  tt»*  o>  tmt 


ROCHESTER;  NCS-IA-86-65-E0- 


Torvare=.ft3  TSF. 


bca'nc  no  84-73 


11-13 


^.8o»»To»y  86/218 


S.UALt  NO  J 


TR1AXIAL  compression  test  report 


ENG  TONN  NO 

i»ev  JUNE  •**«  n®®®  *««VlOU«  COitiON  ij  O.MJCETl 


TRANSLUCENT 


EM  II 10-:- 1^6) 


PLATE  B-47 


Sample  NO. 


ENG  *0»M  to 
NEv  JUNE  '*■'0 


2069  ••«v»ous  co* ▼•on  iiotsoLC^t 


op  specimen  UNDISTURBED  I  type  op  test 


— ojcct  R0OCSTER,  MN;NCS- 13-06- 85- 


soRiNC  no  Q4-7B 


E-T-  fLev  IB. 0-12.0 


.*#o»»-o<r»  66/210 


TRUXIAL  COMPRESSION  TEST  REPORT 


TRANSLUCENT  'EM  1 1 1 0-.'- 1  *06) 


PLATE  B-48 


NORMAL-STRESS,  PSF 


SHEAR  STRESS  VERSUS  NORMAL  STRESS 


SS-59M-I  /E  S3'97ll-l/t  R4-SRM-I/E  l4-l|y-5/4  »4-7?M* 


m 


S4-77M-3/4  t4-70U-l fZ 


WATER  CONTENT 


imnrnnrniisi  »*  i  iwmim  hii  wtsnrngmrin^BiwiiCTfnrngirwi 

grTTimi^^^^nniCaKCTnnimir^iiwifiiaiEgi 


BDBS9  mnrnrfrmnmyi 

Bnimmmmimmtmi 

[Ni:iiwj&.f.^acaimizaiCTiCTisaiAiA»A4iiCTEiiBac3BBai 

lii  i  ■  1 1  ■  1 1 

mKKm 

■■■■Mjgj^jiiiiju^iiijjgsnaAjju^trTOir^oaririTnigDcsannsDi 


WATER  CONTENT 


UHn&waEsiizai 


DESIGN  SHEAR 
STRESS.  T/80  FT 


ACTUAL  TINE  TO 
FAILURE.  MIN 


IQK 


»TmfrTTIWl.lMAH.«g».«NU.NmnNTTNn.TTfTT»1 


macBatgamaq 


iii wmzm 


ultimate  sheer 

STRESS.  T/SO  rt 


PLASTIC  LIMIT 


I3BS3H 
ISM 

|QJ 


iiuiua 


mmmmnmmmm 


NOTES. 

I.  SAMPLE  NUHSERB  REFER  TO  SACKS 
OF  MATERIAL  COMBINED  FROM  S  Ml. 
OIA.  TUSE  SAMPLES. 


DIRECT  SHEAR  TEST  RESULT 
SUMMARY 


ASTERISK  <•>  INDICATES  WHERE  •LOOSE* 
SAMPLE  MAS  NISNCR  SHEAR  STRCHCTH 
THAN  •DENSE*  SAMPLE. 


sample  SESISIUTIOM 


L  -  •LOOSE* 
S  •  •SENSE* 


4..  INDIVIDUAL  test  results  and  stress  strain 

CURVES  PRESENTED  ON  PLATES  S-M  TMROUSN  S-  44. 


U.l.  STAUDARD  1IC VC  OFCNINC  IN  INChE*  U.l.  STANDARD  SIEVE  NUMSERS 

•  4  a  e  i-i/*  i  vii/iw  s  4  «  •  <o  i«  it  to  so  40  so  to  100141 


HYDROMETER 
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1400  1600 


iranii 


•  ILT  OR  CLAY 


DIRECT  SHEAR  TEST  SAMPLE 
GRAIN  -  SIZE  DISTRIBUTION  CURVES 


M-l/t  I  14-A1M-S/4  |»4-7?M- l/t  |»4-7TU-J/4lt4-TlM-  I /2  |  64-7SM-7/S  I  S4-S0M-I/2 


I  i  SD 


*LATE»-50 


U.  S.  STANDARD  SIEVE  NUMBERS 


1H9QM  AS  M3SUVOO  lN33U3d 


8  8 


*  S 

|  I  §  3 

es  a  > 

H  «  £  E> 

Z  BS  5  iJ 

O  W  N  3 

OH  < 

a  w  os 

8  8  g  g 

HO  •  o 

£  02  M  H 
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l  i  l 


■■■■npisnnHiaaraii 
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■Ml 
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PLATE  B-51 


GRADATION  CURVES 


Very  loose 
/Loose 


Correction  /actor  Cm  “  IS - 


04  0.6  OJ  1.0  1.2  1.4  1.6  LB  2.0 


Figure  a:  Chart  for  correction  of 
N-values  in  sand  for  influence  of 
overburden  pressure. 


28  30  32  34  36  38  40  42  44  46 


Angle  of  internal  friction.  <t>  (degrees) 


Figure  b:  Correlation  between  Standard 
Penetration  Resistance,  N,  and  Angle 
of  internal  resistance,  in  granulj 
deposits. 


Figures  a  &  b  taken  from  Foundation  Engineering, 
Peck,  Ralph  B.,  Hanson,  Walter  E. ,  &  Thornburn, 
Thomas  H. ,  John  Wiley  &  Sons,  N.Y.,  1953  &  1974. 


DESIGN  MEMORANDUM  NO.  2  PHASE  /&  .  -  FEATU:' 

APPENDIX  S  -  GEOTEC 


FLOOD  CONTROL 
ROCHESTER.  MINNESOTA 


VERSUS  f  CORRELATION 


St.  Paul  Olstnct,  U.S.  Army  Corps  of  EnEinaars 
Fils  no.  January  19S7 

PLATE  B— 62 


U.  S.  STANDARD  SIEVE  NUMBERS 


I 


PLATE  B-53 


U  &  STANDARD  SIEVE  OPENING  M  INCHES  U.  &  STANDARD  SIEVE  NUMBERS 


Vj> 


PLATE  B-54 


l 


GRADATION  CURVES 


U.  S.  STANDARD  SIEVE  OPENING  IN  INCHES  U.  a  STANDARD  SIEVE  NUMBERS 


PLATE  B-55 


PLATE  B-56 


STONE  SIZE  IN  INCHES  0,  U.  S.  STAHDARDSIEVE  NUMBERS 

*  /  1  J/4  )/•  «  10  It  40  100 


PLATE  B-57 


pezwJ  wren  -N 
sc/pppcp 


PPOPXtO  CtffiA/ASa 'L  - 
PPcp/^ 

CHAMfl 

Pfpovf  t  peptoce  w/rx 

ccepv  p/lc 


jooo 


9QO 


350 


3  jo 


K/fJcs'-  f.  A/p/t-  z  Jo  /  l /er  /a 
'  / 
Sca/e.  zxajjtpera 


3*>o 


390 


OESIGN  MEMORANDUM  NO.  Z  PHASE  t£  .  -  FEATURE 

APPENOIX  B  -  GEOTEC 

FLOOD  CONTROL 
ROCHESTER.  MINNESOTA 

CROSS  SECTION  -  STA.  1S0**0,  RIGHT  SANK 


Cores  sf  Engineers 
January  19S7 
PLATE  B-S9 


St.  Paul  District.  U.S.  Army 
Flla  No. 


ELS VAr/CtJ,  (/w.j.l.) 


COMPUTER  DATA  FILE 


6 

tfucufisrfc**  ”  Fl  «:*I *•)  'C<VMT»<"I.  - 


■S.  f'h-tK 

ZiJTr^n 

k  f  V  £  1 
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1  50+40 

9  T  r  h  r 

u  A  r-  K 

-i 

■rtf 

StAiiCl 

ft  =  073 

C  '.|  f ,  -  1  f  - 

c  i.s  r>>  ;jc  r  i  n>  - 

r  f 

4 

PL. 

Q7  3 

eo 

1  0  71) 

1  0. 

0 

1 

19 

15 

0.0 

0  0  0  0 

o  o  o  o 

-5000 

06*0 

53 
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3 

5i 
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6  0 

96  4 

3 

60 
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65 
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i 

65 
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A  6 
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5 

3 

d6 
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°H 
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3 

9« 
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946 

3 

1  r»9 
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5  0  6  0 
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3 

06 
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1 1.5 

9P  J 

2 

t  1 5 
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2 
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96  9 

14H.5 
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2 
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50  60 
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2 

55 
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71 
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l 

71 
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Q  3  CJ 

1 
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4 

0 
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4 

00 
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4 

lot 
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1  fc° 
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4 
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4 
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4 

1 

125 
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4 

36 

2 
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0 

30 

3 
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r* 

Xh 

•4 
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474 
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DESIGN  MEMORANDUM  NO.  2  PHASE  !&  .  -  P6ATURE 

APPENOIX  9  -  GEOTEC 

rLOCO  CONTROL 
ROCHESTER.  MINNESOTA 

COMPUTER  OATA  PILE 

STABILITY  ANALYSIS  RESULTS  -  3TA.  180*40 
ENO-OP-CONSTRUCTION  CASE 


sc.  Psul  District,  u.S.  Army  cars*  of  Insimors  i 
Flip  no.  January  19S7  ' 

PLATE  S-9S 


END  OF  CONSTRUCTION  -  CRITICAL  CIRCLE 
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QESIGN  MEMORANDUM  NO.  Z  PHASE  /&  .  -  PEATURE 

APPENDIX  3  »  GEOTEC 

PLOOO  CONTROL 
ROCHESTER.  MINNESOTA 

CRITICAL  CIRCLE 

STABILITY  ANALYSIS  RESULTS  -  STA.  tSQ+*0 
END-OP-CONSTRUCTION  CASE 


SC.  Paul  District,  u.S.  Army  Cores  of  Engine  ra  , 
PU#  No.  January  tss7  I 
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TAIULATIOH  OF  SLICE  DATA 
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DESIGN  MEMORANDUM  NO.  Z  PHASE  /4  . 

APPSNOIX  S 

FLOOD  CONTROL 
ROCHESTER.  MINNESOTA 

SLICE  OATA  SUMMARY 
STABILITY  ANALYSIS  RESULTS  -  STA. 

END-OF-CON3TRUCTION  CASE 


-  FEATURE 

-  GEOTEC 


tSOTAO 
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662  CROMWELL  AVENUE 


ST.  PAUL,  MN  55114 

PHONE  612/645-6446 


a  sister  corporation  to  TWIN  CITY  TESTING  AND  ENGINEERING  LABORATORY  INC 

March  19,  1985 


Short  Elliott  Hendrickson,  Inc. 

222  East  Little  Canada  Road 
St.  Paul,  MN  55117 

Attn:  Mr.  David  Plllatzke 

Subj:  Below  Dam  Seepage  Control 

Silver  Lake  Dam  Modifications 
Design  Memo  2 
Delivery  Order  2 
SEH  File  #85089-02 
Rochester,  Minnesota 
SEC  #120-13263 

Gentlemen: 

We  have  performed  calculations  and  have  prepared  geotechnical 
engineering  recommendations  to  assist  you  in  designing  the  positive 
sheet-pile  cutoff  system  for  the  proposed  modification  to  the 
Silver  Lake  Dam  located  in  Rochester,  Minnesota.  This  work  was 
conducted  in  accordance  with  your  verbal  authorization  given  on 
February  4,  1985. 


OFFICERS: 
CHARLES  W.  BRITZIUS 
chairman  of  the  board 
NORMAN  E.  HENNING 
president 
ROBERT  F.  WITTMAN 
executive  vice  president 
CLINTON  R.  EUE 
secretary/treasurer 

HOME  OFFICE: 

ST.  PAUL,  MN 

OFFICES  IN: 

MANKATO.  MN 
ROCHESTER,  MN 
WAITE  PARK,  MN 


Soil  Exploration  Company  appreciates  the  opportunity  of  pro¬ 
viding  service  on  your  project  and  looks  forward  to  providing 
continued  service,  as  needed,  as  the  project  progresses. 

If  you  have  any  questions  or  need  additional  information  please 
contact  us. 


Very  truly  yours 


William  L.  Lawyer,  E.I.T. 


Samuel  Y.  Ng,  P.E. 

WLL/SYN/raw 

Encs. 
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REPORT  OF  BELOW  DAM  SEEPAGE  CONTROL 


SILVER  LAKE  DAM  MODIFICATIONS 
DESIGN  MEMO  2 
DELIVERY  ORDER  2 
SEH  FILE  #85089-02 
ROCHESTER,  MINNESOTA 
SEC  #120-13263 


INTRODUCTION 


Purpose 


We  have  performed  calculations  and  have  prepared  geotechnical  engineering 
recommendations  to  assist  you  in  designing  the  positive  sheet-pile  cutoff 
system  for  the  proposed  modification  to  the  Silver  Lake  Dam  located  in 
Rochester,  Minnesota.  This  work  was  conducted  in  accordance  with  your  verbal 
authorization  given  on  February  4,  1985. 

Scope 

Our  authorized  work  scope  is  limited  to  the  following  items: 

1.  Review  available  background  information. 

2.  Perform  calculations  pertaining  to  seepage  and  permanent  tie  back  system. 
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3.  Present  the  results  of  our  calculations  and  provide  general  comments 
and  opinions  for  design  consideration  for: 

a.  A  positive  sheet-pile  cut  off  system  for  below  dam  seepage 
control . 

b.  Permanent  tie  back  system. 

c.  Embankment  seepage  control. 

This  report  pertains  only  to  item  3.  a.  The  remaining  items  (3.  b.  and 
3.c.)  will  be  addressed  in  a  future  report. 

AVAILABLE  PROJECT  AND  BACKGROUND  INFORMATION 

We  understand  it  is  proposed  to  modify  the  existing  structure.  These 
modifications  will  include:  a  design  of  the  hinged  leaf  gate,  tainter  gate, and 
access  bridge,  concrete  repair  and  the  foundation  analysis  and  design. 

To  aid  in  our  analysis,  we  were  furnished  with  a  copy  of  the  condition  survey 
for  Silver  Lake  Dam  prepared  by  Barrientos  And  Associates  (contract  DACW 
37-34-D-0008) . 
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ENGINEERING  REVIEW 


Assumptions 

Our  calculations  for  seepage  beneath  the  structure  are  based  upon  assumptions 
made  from  the  information  available  to  us.  If  any  discrepancies  in  these 
assumptions  are  found,  we  request  that  you  contact  our  office  so  that  we  can 
review  our  results  and  make  changes  as  necessary.  Our  assumptions  are  as 
follows: 


I.  The  critical  cross-section  of  the  dam  and  soil  parameters  are  as 
shown  on  the  attached  Plate  1. 

II.  For  all  practical  purposes,  impermeable  bedrock  is  located  at  a  depth 

of  50'  below  the  dam. 

«• 

III.  The  soil  stratum  is  homogeneous  and  Darcy's  law  is  valid.* 

IV.  The  empirical  "creep  path*  approach  developed  by  E.W.  Lane  and  his 
safe  weighted-creep  ratio  for  different  soil  types  are  valid. 

(Lane,  E.W.,  "Security  From  Under-Seepaoe:  Masonry  Dams  On  Earth 
Foundations,*  Trans.  Am.  Soc.  C.E.,  1935.  As  presented  in  Taylor,  D 
Poundamentals  Of  Mechanics.  New  York;  John  Wiley  ft  Sons,  Inc., 
1946-1 6th  printing  1967,  PP  550-555.) 

V.  The  analytical  method  presented  by  Pavlousky  of  Method  Of  Fragments 
and  his  assumptions  are  valid.  (Pavlousky,  N.N.," "Collected  l><orksM', 
AKAD.  NAUK  USSR,  Leningrad,  1956.  As  presented  Tn  Harr,  M.E., ~~ 
"Mechanics  Of  Particulate  Media.  New  York,  etc.:  McGraw-Hill,  Inc., 
1977,  PP  158-170.) 

♦In  our  opinion,  there  is  little  question  of  the  validity  of  Darcy's  law. 
However,  the  assumption  of  homogeneous  soils  Is  a  simplification  of  the  com¬ 
plex  soil  parameters  which  must  be  made  in  order  to  utilize  most  "acceptable 
seepage  analysis  methods. 
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Typical  Calculations 

Plates  2  and  3  show  typical  calculations  performed  for  the  two  methods  presented 
above. 

Safety  Factors  &  Safe  Values  For  Exit  Gradients 

The  recommended  safe  value  for  the  weighted-creep  ratio  is  6-7,  based  on 
fine  to  medium  sand.  1 

The  required  factor  of  safety  for  the  method  of  fragment  is  6-7  for  sands.  2 

Summary  of  Data 

Plate  4  indicates,  in  tabular  form,  a  summary  of  selected  sheet-pile  designs 
versus  factor  of  safety  and/or  safe  values  for  exit  gradients.  Estimated 
uplift  pressures,  based  upon  the  method  of  fragments,  are  also  shown. 

Based  upon  conversations  with  you,  we  understand  that  the  uplift  pressures 
Indicated  tend  to  be  slightly  larger  than  the  piezometric  pressures  measured 
In  the  field. 

1.  Taylor  D. 

2.  Harr  M.E. 
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Conclusions 


Based  upon  the  factor  of  safety  and  the  safe  factors  presented,  we  suggest 
that  a  25'  upstream  and  a  25'  downstream  sheet-pile  design  be  utilized.  We 
also  suggest  that  a  10'  apron  length  upstream  be  used.  Our  calculations  show 
that  an  8.3  factor  of  safety  using  the  method  of  fragments  and  a  7.3  safe 
value  using  the  creep-path  method  may  be  anticipated. 

Your  estimates  and  field  measurements  indicate  pressures  of  about  5'  of  water 
now  exist  at  the  north  end  of  the  dam.  However,  our  calculations  show  uplift 
pressures  of  8.1 '  on  the  heel  and  6.5'  of  water  on  the  toe  could  be  realized. 
Therefore,  we  recommend  that  permanently  installed  instrumentation  be  placed 
beneath  and  downstream  of  the  dam.  This  Instrumentation  would  also  give  early 
indication  of  piping  and  scouring. 

LIMITATIONS 


The  recommendations  contained  in  this  report  represent  our  pro¬ 
fessional  opinions.  These  opinions  were  arrived  at  In  accordance  with 
currently  accepted  engineering  practices  at  this  time  and  location.  Other 
than  this,  no  warranty  is  implied  or  Intended. 
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PRESTRESSED  SOIL  ANCHORS 


SILVER  LAKE  DAM 
ROCHESTER,  MINNESOTA 
#120-13263 


LIST  OF  SYMBOLS 


D  -  Anchor  diameter 

D(-|0)  -  Grain  size  where  10%  of  the  soil  particles  are  smaller 

0(60}  -  Grain,  size  where  60%  of  the  soil  particles  are  smaller 

1(a)  -  Anchor  length 

n  -  Imperical  factor  used  in  estimating  type  and  capacity 

P(u)=  p(d)esign  Ultimate  tie  back  capacity 

Pi  -  Effective  grout  pressure 

U  -  Uniformity  coefficient 

Tow(uit)  -  Ultimate  bond  stress 

(f)  -  Angle  of  internal  friction 

IT  -  3.1416 


NOTE:  Pdesign  equals  maximum  load  anticipated  times  a  factor  of  safety. 
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We  wish  to  point  out  that  boring  80-14M  does  indicate  much  higher  bedrock 
than  the  assumed  elevation  of  810'.  It  indicates  an  elevation  of  bedrock  of 
838'. 


The  bedrock  elevations  should  be  verified  throughout  the  area  where  tie  backs 
are  proposed.  If  bedrock  is  encountered  within  the  required  influenced  area, 
an  alternate  tie  back  system  and  design  may  be  required  in  these  areas. 
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Based  upon  the  post-tentioning  institut^dnder  5.2.5,  Free  Stressing  Length, 
this  reference  states  "Minimum  stressing  length  of  15'  to  25'  are  recommended 
for  all  soil  anchors.  The  minimum  stressing  lengths  recommended  are  necessary 
so  that  small  movements  of  the  stressing  anchor  will  not  result  in  large 
changes  in  load." 


We  reconmend  that  a  minimum  unbonded  length  of  20'  be  used  for  the  above  stated 
reason  and  so  that  the  anchor  will  be  in  the  less  silty  (SP)  sands. 
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GROUP  EFFECTS 


In  our  opinion,  based  on  information  by  the  post-tentioning  instituti^group 
interaction  will  be  minimal  and  does  not  influence  the  design.  This 
reference  states  under  section  5.2.2,  System  Design,  "The  interaction  of 
groups  of  anchors  must  be  considered  when  the  spacing  is  close."  However,  they 
go  on  to  say  "Research  to  date  has  shown  that  a  spacing- of  six  (6)  times  the 
grout  bult  diameter,  there  should  be  no  interaction". 


In  our  experience,  5  to  6  inch  anchor  diameters  are  usually  utilized.  However, 
even  if  we  assume  a  12"  diameter,  the  critical  spacing  would  be  6x12"  *  72". 
This  design,  even  without  skew,  has  a  spacing  of  6\  of  78". 
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ANCHOR  STRESSING  AND  TESTING 


We  recommend  that  load  tests  on  the  soil  anchors  be  performed  in  accordance 
with  PTI  (Post-tentioning  Institute)  procedures.  These  procedures  will  be 
outlined  in  depth  in  the  final  report. 


PROTECTIONS 


We  recommend  that  the  anchors  and  stressing  cables  be  protected  as  necessary. 
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SUMMARY  OF  OUR  RECOMMENDATIONS 


We  recommend  that  minimum  design  standards  be  utilized  which  consist  of  20' 
of  unbonded  (stressing)  length  and  a  minimum  25'  bond  length.  We  also  recom¬ 
mend  that  a  testing  program  be  utilized  and  should  conform  .with  the  Post-Ten- 
tioning  Institute  recommendations.  We  further  reconmend  that  the  permanent 
anchor  systems  be  protected  from  corrosion  as  necessary. 

We  sulggest  that  a  minimum  of  150  psi  grout  pressure  be  utilized  and  that  the 
anchors  should  be  capable  of  being  regrouted. 

We  recommend  that  the  anchors  be  load  tsted  to  1.5  of  the  design  load  for 
the  anchor.  Eor  a  maximum  anticipated  load  of  30  tons,  the  design  load  would 
be  60  tons  usinig  a  factor  of  safety  of  2.0 

We  recommend  that  our  performance  specifications  be  utilized.  This  specifica¬ 
tion  usually  enables  the  contractor  to  provide  his  most  economical  tie  back 
while  still  maintaining  the  requirements  of  the  design. 

We  highly  recommend  that  a  detailed  geotechnical  site  investiagtion  be  per¬ 
formed  to  determine  the  extent  of  the  various  soils  encountered  in  the  testing 
program  already  performed. 

As  shown  in  our  calculations,  the  factor  of  safety  was  2.5.  This  value  was 
for  estimates  only.  We  recommend  that  the  actual  factor  of  safety  should  be  2.0 
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-I  POST-TEHSIONING 
tm  INSTITUTE 


301  W  Oabom.  Suita  3500  /  Phoanix.  Arizona  85013 
Waphona  902)  255-815* 


April  16,  1985 


Mr.  Bill  Lawyer 
Soil  Exploration  Co. 
662  Cromwell  Avenue 
St.  Paul,  MN  55122 


Dear  Mr.  Lawyer: 


This  is  to  confirm  our  telephone  discussion  in  which  I  gave 
you  oral  permission  to  reprint  pages  from  the  PTI  publication, 
"Recommendations  for  Prestressed  Rock  and  .Soil  Anchors"  in  a 
report  in  reference  to  a  Corps  of  Engineers  project. 


A  copy  of  the  rock  and  soil  anchor  recommendations  is  enclosed. 


Yours  very  truly. 


Clifford . L.' Freyermuth 
Executive  Director 


CLF/bs 

Enclosure 
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STRUCTURAL  ANALYSIS  &  DESIGN 

PURPOSE 

1.  This  appendix  describes  the  methodology  and  assumptions  used  in  the  analy¬ 
sis  and/or  design  of: 

(a)  Modifications  to  Silver  Lake  Dam 

(b)  Flood/Retaining  Walls 

(c)  Bikeway  Underpass  Structures 


REFERENCES 

2.  The  applicable  sections  of  the  following  references  were  used  to  formulate 
design  criteria  and  to  determine  allowable  stresses  in  the  various  struc- 


tural 

1  components. 

(a) 

EM  1110-1-2101 

Working  Stresses  for  Structural  Design  (November, 
1963) 

(b) 

EM  1110-2-2103 

Details  of  Reinforcement-Hydraulic  Structures  (May, 
1971) 

(c) 

EM  1110-2-2906 

Design  of  Pile  Structures  and  Foundations  (July, 
1958) 

(d) 

ETL  1110-2-256 

Sliding  Stability  for  Concrete  Structures  (June, 
1981) 

(e) 

EM  1110-2-2200 

Gravity  Dam  Design  (Sept.,  1958) 

(f) 

ETL  1110-2-275 

Concrete  Removal  Methods  (July,  1982) 

(g) 

ETL  1110-3-338 

Wind  and  Snow  Loads  (February,  1983) 

(h) 

EM  1110-2-2702 

Design  of  Spillway  Tainter  Gates  (August,  1966) 

(1) 

EM  1110-2-2002 

Maintenance  and  Repair  of  Concrete  and  Concrete 
Structures  (March,  1979) 

(j) 

EM  1110-2-2000 

Standard  Practices  for  Concrete  (Sept.,  1982) 
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(k)  EM  1110-2-XXXX 


(l)  EM  1110-2-1612 

(m) 

(n) 

(o) 

(P) 

(q) 

(r) 

(s) 

(t) 


Retaining  and  Flood  Walls  (June  14,  1985) 


Ice  Engineering  (Oct.,  1982) 


Condition  Survey,  Silver  Lake  Dam,  Rochester, 
Barrientos  &  Assoc.,  Inc.  (January,  1985) 


MN. 


Specifications  for  Dam  Repair  -  Silver  Lake  Oam, 
Harza  Engineering  Co.,  (May,  1982) 


Construction  Summary  Report  -  Silver  Lake  Dam 
Repair,  Harza  Engineering  Co.,  (November,  1981) 


Specifications  for  Dam  Repair  -  Silver  Lake  Dam, 
Harza  Engineering  Co.,  (July,  1981) 


Repairs  to  Silver  Lake  Dam,  Harza  Engineering  Co., 
(January,  1952) 

Stell  Construction  Manual  (AISC  8th  Edition) 

Building  Code  Requirements  for  Reinforced  Concrete 
(ACI  318-83) 


American  Association  of  State  Highway  and  Transpor¬ 
tation  Officials  Standard  Specifications  for 
Highway  Bridges  1983,  as  Amended  by  1984  and  1985 
Interim  Specifications 


DESIGN  CRITERIA 
REINFORCED  CONCRETE  STRUCTURES 

3.  The  modifications  and  additions  to  the  concrete  elements  of  the  existing 
Silver  Lake  Dam  were  designed  In  accordance  with  Working  Stress  Design 
(WSD) .  A  concrete  compressive  stress  (f'c)  of  3000  pounds  per  square  Inch 
(psi)  was  used  In  the  design  of-  the  alterations.  Actual  compressive 
concrete  fiber  stress  was  held  to  1050  psi  as  per  hydraulic  structures 
requirements.  Maximum  reinforcing  steel  stress  was  limited  to  20,000  psi 
in  deformed  billet  steel  bars  of  Grade  40  or  better. 

4.  The  reinforced  concrete  flood/retaining  walls,  abutment  wing  wall 
extensions,  bikeway  retaining  walls  and  bridges  were  designed  in 
accordance  with  the  principles  of  Load  Factor  Design.  Ultimate 
concrete  compressive  strength  (f'c)  of  4000  psi  was  used  for  design. 
Maximum  reinforcing  steel  stress  was  limited  to  48,000  psi  in  deformed 
billet  steel  bars  of  Grade  40  or  better. 


02 


STRUCTURAL  STEEL 


5.  The  modifications  to  the  existing  tainter  gates  and  the  new  Pier  No.  3 
access  bridge  were  designed  in  accordance  with  EM  1110- 1-2101  using  a  basic 
working  stress  18,000  psi .  Structural  steel  shall  conform  to  ASTM  A36. 


STEEL  SHEET  PILING 

6.  Steel  sheet  piling  shall  conform  to  the  requirements  of  ASTM  A328.  The 
maximum  allowable  stress  shall  be  23,500  psi. 


ALUMINUM 

7.  Aluminum  required  for  miscellaneous  elements  shall  be  6061-T6.  Working 
stresses  used  in  the  designs  will  be  in  accordance  with  EM- 1110- l-210f-l 


TREATED  TIMBER  PILING 

8.  Where  new  piling  were  added,  such  piling  were  designed  for  a  maximum 
loading  of  20  tons  per  pile.  The  timber  piles  and  treatment  shall  conform 
to  Guide  Specification  CE  1304.03. 


STEEL  H  PILING 

9.  Bike  path  bridge  abutment  piling  were  designed  for  a  maximum  loading  of  40 
tons  per  pile.  The  steel  H  piling  shall  conform  to  Guide  Specification  CE 
1304.02. 


STRUCTURAL  TIMBER 

10.  The  timber  used  in  the  roofs  of  the  mechanical  rooms  at  Silver  Lake  Dam 
shall  be  Douglas  Fir  Dense  No.  1  grade  or  better  per  the  Western  Wood 
Products  Association. 


UNIT  WEIGHTS 

11.  The  unit  weights  used  in  design  were  assumed  as  follows: 


Concrete 

150 

P.C.F. 

Steel 

490 

P.C.F. 

Water 

62.4 

P.C.F. 

£$j*th  (Silver  Lake  Dam) 

120 

P.C.F. 

Eartn  £ Sat)  Flood  Walls 

125 

P.C.F. 

Earth  (Sub.)  Flood  Walls 

65 

P.C.F. 

Timber 

40 

P.C.F. 

Soil  (Immersed) 

80 

P.C.F. 

C  -  3 


ICE  LOADING 


12.  The  ice  loading  used  in  the  structural  design  of  Silver  Lake  Dam  modifica¬ 
tion  was  assumed  1000  pounds  per  linear  foot  of  loaded  structure  applied  afr^ 
the  critical  horizontal  ice  plane.  This  value  was  established  in  con>^ 
ference  with  local  officials  of  the  Corps  of  Engineers. 


DEPTH  OF  COVER 

13.  Any  additions  to  the  existing  foundations  at  Silver  Lake  Dam  were  set  at 
the  depth  of  such  foundations.  Therefore,  it  is  expected  that  frost  cover 
will  be  satisfactory.  Footings  for  retaining  wails  shall  be  founded  on 
sound  rock  capable  of  resisting  the  design  loads  or  on  soil  with  a  minimum 
frost  cover  of  5'-Q". 


DESIGN  OF  STRUCTURES 
GENERAL 

14.  The  modifications  to  be  made  to  Silver  Lake  Dam  were  of  superficial  struc¬ 
tural  nature  only,  so  far  as  the  total  dam  was  concerned.  The  added  dead 
loads  and  live  loads  from  the  eqiupment  houses  were  relatively  small,  the 
raise  of  head  of  water  on  the  dam  was  nominal,  and  the  change  to  a  hingsd 
leaf  gate  of  local  effects  only.  Thus,  the  major  design  effort  there 
became  the  proving  of  the  existing  structure  as  satisfactory  and/or 
correcting  its  deficiencies. 

15.  The  bikeway  underpass  at  the  east  abutment  of  the  Center  Street  Bridge  wa^fc 
designed  in  detail.  Appropriate  Items  therefrom  were  used  to  estimate  th^ 
quantities  for  bikeway  underpasses  at  Seventh  Street  and  Third  Avenue. 


SILVER  LAKE  DAM 
OGEE  -  STILLING  BASIN 

16.  The  existing  ogee  -  stilling  basin  was  analyzed  as  it  wouid  function  with 

the  concrete  ogee  cut  away  to  seat  the  new  hinged  leaf  gate.  The  analysis 

was  performed  using  dead  load;  full  water  pressure,  uplift,  and  silt 
(earth)  pressures;  and  Ice  load  applied  at  the  top  of  the  gate.  It  was 
found  that  the  ogee  -  stilling  basin  was  stable  against  overturning  in  that 
its  piling  were  not  overloaded  in  vertical  loading.  However,  the  piles 

could  not  resist  the  sliding  forces  In  direct  shear. 

17.  To  remedy  this,  forces  were  introduced  into  the  ogee  -  stilling  basin 

through  the  use  of  soil  anchors.  Such  forces  were  set  to  act  opposite  to 

those  of  the  sliding  forces.  With  30  ton  soil  anchors  working  at  7'-0" 
spacing,  the  structure  proves  satisfactory  in  both  stability  and  sliding. 


C  -  4 


18.  An  upstream  widening  of  the  ogee  -  stilling  oasin  was  required  to  fit  the 
hinged-leaf  gate's  upstream  shape  to  the  new  ogee's  downstream  curve.  The 
details  of-  the  widening  are  shown  on  the  structural  plates.  The  concrete- 
wall  type  widening  was  designed  to  take  the  horizontal  and  vertical  reac¬ 
tions  of  the  gate  as  brought  about  by  bearings  acting  at  15  foot  centers. 


EQUIPMENT  HOUSE  AT  RIGHT  ABUTMENT 

19.  To  provide  for  a  house  large  enough  to  suit  the  equipment,  it  was  necessary 
to  locate  the  house  limits  seven  feet  upstream  from  the  existing  abutment 
face.  This  modification  was  made  in  mass  concrete  founded  on  a  new  pile  - 
supported  footing.  It  was  felt  that  this  construction  would  prove  most 
economical  in  long-term  maintenance. 

20.  An  analysis  was  run  of  the  modified  structure  as  founded  on  its  pile 
pattern.  The  analysis  showed  the  existing  abutment  piles  to  be  signifi¬ 
cantly  overloaded  in  vertical  loads.  Over  thirteen  additional  piles  would 
be  necessary  to  make  the  abutment  figure  theoretically  adequate  yet  the 
existing  abutment  has  stood  for  50  years  with  nearly  the  same  loading  and 
shows  no  distress. 

21.  A  second  analysis  was  run  of  the  modified  structure  as  though  founded  on 
supporting  soils.  The  maximum  soils  pressures  developed  under  the 
governing  loading  was  3.5  kips  per  square  foot.  Soils  Exploration,  Inc. 
has  analyzed  the  supporting  soils  as  capable  of  taking  this  load  with  a 
safety  factor  of  seven.  This  probably  means  that  the  existing 
overstressed  piles  must  be  yielding  slightly  allowing  the  more  than  ade¬ 
quate  soils  below  to  come  into  bearing. 

22.  The  floor  of  the  house  was  designed  to  transfer  a  140  kip  trunnion  loading, 
yielding  components  of  125  kips  vertically  and  65  kips  horizontally,  into 
the  foundations  below. 


MODIFICATIONS  AT  LEFT  ABUTMENT 

23.  Assuming  the  yielding  of  the  foundation  piles  in  the  left  abutment  under 
design  loads,  the  soils  below  come  into  bearing  and  successfully  support 
the  structure.  Thus,  no  modifications  prove  necessary  at  the  left  abutment 
other  than  those  minor  constructions  to  seat  the  new  access  bridge  running 
to  Pier  No.  3. 


MODIFICATION  TO  TAINTER  GATE  PIERS  NO.  1  AND  NO.  2 

24.  An  analysis  of  the  tainter  gate  piers  under  the  existing  loads  show  them  to 
be  in  danger  of  sliding  if  dependent  on  the  shearing  resistance  of  their 
piles  alone. 

25.  To  remedy  this,  forces  were  introduced  into  the  tainter  gate  bays  through 
the  use  of  soil  anchors.  Such  forces  were  set  to  act  opposite  to  those  of 
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the  sliding  forces.  With  25  ton  soil  anchors  working  at  7'-0"  spacing,  the 
structure  proves  satisfactory  in  both  stability  and  sliding.  Additional 
minor  construction  is  required  to  seat  the  new  access  bridge. 


EQUIPMENT  HOUSE  AT  TAINTER  GATE  PIER  NO.  3 

26.  As  per  the  right  abutment,  the  tainter  gate  Pier  No.  3  was  made  large 
enough  to  suit  equipment  needs  by  widening  and  extending  the  pier  mass 
upstream.  New  pile  supported  footings  were  provided  for  the  widening  and 
lengthening. 

27.  An  analysis  was  run  of  the  modified  structure  as  founded  on  its  new  pile 
pattern.  The  analysis  indicated  the  structure  was  satisfactory  in  the  ver¬ 
tical  loadings  of  the  piling  but  deficient. in  its  resistance  to  sliding 
through  shear  in  the  piles. 

28.  As  per  Pier  No.  1  and  No.  2.,  25  ton  soil  anchors  working  at  7'-0"  spacing 
were  used  to  introduce  forces  opposite  to  the  sliding  forces.  The  analysis 
then  proved  satisfactory. 


STRENGTHENING  OF  TAINTER  GATES 

29.  The  existing  tainter  gates  were  analyzed  assuming  the  use  of  ASTM  A-7  steel 
stresses  of  16,500  psi  (with  33%  overstress  of  22,000  psl  when  in  com¬ 
bination  with  ice).  The  make  up  of  the  gates  was  taken  from  the  Condition 
Survey  as  prepared  by  Barrientos  &  Associates,  Inc. 

30.  The  gate  was  analyzed  in  two  "down"  positions  for  maximum  water  load  plusi 
ice.  The  initial  position  was  with  the  gate's  lower  edge  resting  on  its' 
seal.  The  second  position  was  with  the  gate  lifted  by  its  chains  to  raise 
its  lower  edge  just  off  of  the  seal.  The  gate  frame  was  run  on  the  com¬ 
puter  as  fully  continuous  as  per  welded  joint  theory. 

31.  The  check  of  all  existing  members  in  the  gate  frame  under  governing  stress 
indicated  an  overstress  in  the  most  upstream  vertical  6”  x  4“  x  3/8"  angle. 
A  method  of  strengthening  the  angle  was  developed  and  appears  on  the  struc¬ 
tural  drawings.  This  member  was  the  only  part  of  the  gate  deficient  in 
strength. 


NEW  ACCESS  BRIDGE 

32.  A  new  access  bridge  was  designed  to  serve  the  new  equipment  house  at 
tainter  gate  Pier  No.  3.  The  bridge  was  repositioned  from  its  original 
location  so  that  the  tainter  gate  underneath  could  be  opened  fully  without 
fouling  the  structure.  The  bridge  was  designed  for  100  psf  uniform 
pedestrian  live  load  plus  concentrated  loads  at  fixed  locations  brought  on 
to  the  bridge  by  the  tainter  gate's  lifting  chains. 
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33.  The  bridge  was  designed  in  structural  steel  per  ASTM  A36.  It  was  felt  that 
steel  would  be  the  most  suitable  median  for  erection  over  the  operating 
tainter  bays.  A  galvanized  bar  grating  deck  was  designed  with  the  intent 
that  the  final  grating  closures  be  placed  in  the  deck  after  the  final  posi¬ 
tioning  of  the  chain  hoists  to  suit  the  travel  of  the  lifting  chains. 


NEW  UPSTREAM  APRON  AND  CONCRETE  REPAIRS 

34.  The  new  upstream  apron's  width  was  set  by  the  seepage  analysis  as  run  by 
Soils  Exploration,  Inc.,  the  soils  consultant  to  the  project.  The  apron's 
design  was  based  on  empirical  standards  successfully  in  use. 

35.  The  concrete  repairs  as  illustrated  in  the  structural  plates,  may  not  be 
all  of  those  needed.  After  the  dewatering  of  the  structure  is 
accomplished,  a  thorough  inspection  of  the  structure  in  the  dry  should  be 
made.  Such  additional  repairs  as  prove  necessary  should  be  performed  on  a 
"force-account"  basis. 


PRESSURE  GROUTING 

36.  The  dam  has  had  some  pressure  grouting  of  its  foundation  done  in  past 

years. 

37.  In  1952,  a  recommendation  was  made  by  Harza  Engineerng  Company  to  grout 

under  the  entire  length  of  ogee  section.  Apparently  this  was  not  done 

entirely.  Borings  taken  by  Barrientos  &  Associates,  Inc.  during  their 

Condition  Survey  of  January,  1985,  found  no  grout  to  the  right  of  the  mid¬ 
length  of  ogee. 

38.  In  1981,  while  repairing  the  dam,  an  undermining  of  the  tainter  gate  area 

was  discovered.  Repairs  were  made,  in  a  contract  of  May,  1982,  by  the 

driving  of  sheet  piling  about  the  upstream  face  of  the  tainter  gate  apron, 
and  by  the  pressure  grouting  of  major  voids  under  the  entire  gated  portion. 

39.  Barrientos'  Condition  Survey  of  January,  1985,  indicates  an  apparent  void 
under  the  ogee  portion  of  the  structure  approximately  10  foot  to  the  right 
of  the  tainter  gate  Pier  No.  3.  However,  it  would  appear  that  there  is  no 
significant  seepage  through  this  void. 

40.  No  pressure  grouting  of  the  void  or  voids  Is  felt  necessary  as  part  of  the 
recommended  modifications.  The  new  seepage  control  as  shown  on  the  struc¬ 
tural  plates  should  prove  very  effective. 


CONCRETE  REMOVAL  METHODS 

41.  Those  cuts  of  concrete  section  requiring  straight  line  exposed  edges  shall 
have  such  edges  cut  to  a  depth  of  one  inch  minimum  with  a  diamond  saw  or 
approved  substitute,  prior  to  use  of  breaker  equipment  for  deeper  removal. 
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42.  Explosive  blasting  will  be  permitted  for  the  removal  of  the  mass  ogee 
concrete,  but  only  after  satisfying  all  permit  requirements  as  required 
by  the  City  of  Rochester.  A  fully  developed  blasting  plan  shall  be 
presented  to  the  Corps  of  Engineers  and  other  interested  authorities  at 
least  10  days  in  advance  of  such  blasting.  Such  plan  shall  list 
methods  of  blasting;  experience  of  personnel  performing  blasting; 
safety  precautions  that  will  be  used  in  protecting  life,  property,  and 
the  environment;  methods  of  explosive  storage;  and  anticipated  time  and 
dates  of  blasting.  The  Contractor  shall  make  arrangements  of  the 
control  of  vehicular  and  pedestrian  traffic  as  might  be  necessary  at 
the  time  of  blasting. 

43.  In  lieu  of  explosive  blasting,  a  vehicle  mounted  breaker  may  be  used  to 
remove  the  mass  concrete  of  the  ogee,  but  the  energy  output  shall  be 
monitored  to  preclude  damage  to  the  remaining  concrete. 


FLOOD/RETAINING  WALLS 
LOCATION 

44.  The  concrete  flood/retaining  wall  is  located  on  the  right  bank  from 
stations  125+73  to  126+58  and  on  the  left  bank  from  stations  126+23  to 
126+50.  This  is  between  the  Silver  Lake  Dam  and  the  North  Broadway 
bridge. 


DESIGN  LOADS 

45.  Soil  parameters  used  were  determined  from  lab  tests  of  soil  samples 
near  the  walls.  The  saturated  unit  weight  of  soil  used  was  125  p.c.f., 
internal  friction  angle  equal  to  35°,  and  wall  friction  equal  to  12°. 
The  critical  design  case  these  walls  were  designed  for  was  saturated 
soil  behind  the  walls  to  EL.  978.88  with  a  sloping  backfill.  Sliding 
was  computed  using  a  strength  reduction  factor  (SRF)  of  2/3  to 
withstand  the  horizontal  forces.  A  load  factor  of  1.9  was  applied  to 
the  live  and  dead  load.  The  maximum  bearing  pressure  on  the  wall 
foundation  was  3.0  k.s.f. 


SEVENTH  STREET  BRIDGE  WINGWALL  EXTENSIONS 

46.  Cantilever  sheet  pile  wing  wall  extensions  with  a  concrete  cap  are 
required  on  both  abutments  of  the  Seventh  Street  bridge.  The  top 
elevation  of  the  wing  walls  is  approximately  elevation  981.1  plus  or 
minus,  and  varies  in  length  from  27  to  35  feet.  A  level  backfill 
extended  1/3  of  the  embankment  height  above  the  wall  height  was  used 
because  of  an  embankment  slope  of  30°.  An  adjusted  internal  friction 
angle  (0  adj)  with  a  safety  factor  of  1.5  and  a  wall  friction  angle  of 
8°  (X0  adj/3)  used  to  determine  piling  length.  The  design  reference 
was  the  USS  Steel  Sheet  Piling  Design  Manual  with  the  above  exceptions. 
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LOCATION 


47.  The  flood/retaining  wall  is  located  on  the  right  bank  from  Sta.  169+40 
to  174+79  adjacent  to  an  existing  cemetery  access  road.  A  sanitary 
sewer  and  bike  path  shall  be  located  between  the  wall  and  the  cemetery 
road. 

DESIGN  LOADS 

48.  The  upper  two  feet  of  existing  rock  is  considered  unsuitable  to  support 
structures.  For  wall  design,  the  level  badkfill  was  assumed 
cohesionless  and  fully  submerged.  The  internal  friction  angle  used  was 
32°.  A  live  load  surcharge  of  two  feet  of  earth  was  applied  to  account 
for  possible  maintenance  vehicles  on  the  bikeway.  Sliding  was  computed 
(SRF  =  2/3)  and  a  key  was  designed  in  the  rock  to  withstand  the  excess 
horizontal  forces.  Maximum  allowable  bearing  pressure  on  sound  rock 
was  assumed  to  be  five  tons  per  square  foot.  Maximum  design  bearing 
pressure  was  3.1  tons  per  sq.  ft.  with  no  uplift  permitted  at  the  heel 
for  any  load  combination.  For  design  of  steel  reinforcing  a  load 
factor  of  1.9  was  applied  to  dead  load  plus  live  load. 

49.  Three  cases  of  loading  were  considered  as  follows: 

Case  I:  Dead  load  plus  dry  backfill  at  55  pounds  equivalent  fluid 
pressure  (EFP)  plus  live  load  surcharge. 

Case  II:  Dead  load  plus  submerged  backfill  at  98  pounds  EFP. 

Case  III:  Dead  load  plus  a  30  PSF  wind  on  the  front  face  of 
wall.  This  loading  primarily  used  to  assure  that  front  face 
reinforcing  is  adequate  to  withstand  wind  loads  prior  to  placement 
of  backfill. 


LOCATION 

50.  The  sheet  pile  flood  wall  with  a  concrete  cap  is  located  on  the  left 
bank  from. stations  172+37  to  182+60  and  from  stations  184+75  to  186+25. 


DESIGN  LOADS 

51,  Soil  parameters  usesd  were  determined  from  lab  tests  of  soil  samples 
near  the  wall.  The  design  reference  used  for  this  anchor-sheet  pile 
wall  was  the  USS  Steel  Sheet  Piling  Design  Manual  with  the  following 
exceptions.  An  adjusted  internal  friction  angle  (0  adj)  with  a  safety 
factor  of  1.5  was  used  in  the  determination  of  the  piling  length,  but 
not  to  the  piling  section  modulus  sizing.  A  level  backfill  to  the  top 
of  the  wall  was  assumed  with  a  wall  friction  angle  of  8°  0£0  adj/3). 
The  saturated  unit  weight  of  soil  used  was  125  p.c.f..  A  2"  diameter 
tie-rod  of  A36  steel  was  used  with  a  9  '  and  12'  spacing.  A  continuous 
concrete  anchor  deadman  was  used  in  the  region  of  full  mobilization. 
The  wales  are  A36  structural  steel  channels. 
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LOCATION  AND  CONDITION  COMMENTS 


52.  The  existing  flood  wall  on  the  left  bank  from  approximately  Sta. 
202.90  to  Sta.  205  was  analyzed  using  EFP  of  98  PCF.  At  upstream  end 
of  wall  where  fill  is  to  top  of  wall  the  reinforcing  steel  is 
overstressed  and  resistance  to  lateral  forces  is  inadequate.  At  the 
downstream  end  of  the  wall  the  fill  is  about  four  feet  below  the  top  of 
wall  however,  horizontal  pile  shears  are  excessive. 


53.  If  the  stream  bed  is  lowered  as  planned  it  is  likely  that  the  lateral 
deflections  will  increase  and  the  piles  will  become  overstressed  in 
bending  as  well  as  shear. 


CENTER  STREET  BIKEWAY  UNDERPASS 
EXISTING  EAST  ABUTMENT  MODIFICATIONS 


54.  The  elevation  of  the  bottom  of  the  proposed  new  channel  is 
approximately  four  feet  lower  than  the  bottom  of  footing  of  the  east 
abutment  of  the  Center  Street  Bridge.  Since  scour  protection  is 
required  for  this  footing  it  was  economical  to  combine  the  design  of 
the  bikeway  with  the  scour  protection  in  front  of  the  abutment. 


55.  Using  a  strength  reduction  factor  (SRF)  of  2/3  the  abutment  was  checked 
for  sliding  under  dead  load  plus  submerged  earth  to  the  elevation  to 
design  high  water  plus  live  load  surcharge.  Drilled-in  rock  anchors 
were  designed  to  withstand  the  residual  horizontal  forces  not 
counteracted  by  friction. 


BIKEWAY  BRIDGES 

56.  Since  the  design  live  load  for  a  bikeway  is  only  85  PSF  it  is  possible 
to  construct  a  continuous  three-span  concrete  slab  bridge  at  each  side 
of  the  abutment  more  economically  than  to  use  retaining  walls.  The 
piers  and  abutments  should  be  constructed  first  and  the  rock  fill  on 
the  upstream  side  and  riprap  on  the  downstream  side  placed  prior  to 
constructing  the  concrete  slab  spans. 

57.  The  concrete  slab  spans  are  not  considered  to  be  hydraulic  structures 
and  load  factors  used  in  accordance  with  ACI  (1.4  DL  +  1.7  LL)  for 
design  of  the  steel  reinforcing. 

58.  The  piers  were  designed  with  a  safety  factor  of  1.6  against  overturning 
with  a  50  PSF  wind  without  any  superstructure  dead  load  or  backfill  on 
the  footing.  Thermal  forces  were  included  in  the  design  but  wind 
forces  on  the  completed  structure  were  found  to  be  insignificant. 


BIKEWAY  RETAINING  WALLS 

59.  The  retaining  walls  at  the  upper  ends  of  the  bikeway  bridges  have 
footing  elevations  which  are  above  the  level  of  design  high  water.  The 
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footings  for  the  upstream  walls  are  founded  on  rock  fill  and  the 
downstream  footings  are  on  soil.  These  walls  should  be  isolated  from 
the  adjacent  bridge  abutments  with  expansion  joint  material. 

60.  These  walls  and  footings  were  designed  for  two  cases  of  loading  as 
follows: 

Case  I:  Dead  load  plus  normal  earth  plus  live  load. 

Case  II:  Dead  load  plus  submerged  earth. 

Case  II  governed  the  design  in  all  wall  heights.  SRF  used  was  2/3. 
Equivalent  fluid  pressure  for  normal  earth  was  55  PCF  and  for  submerged 
earth  96  PCF.  A  key  was  designed  to  resist  horizontal  forces  in  excess 
of  the  friction  value  of  the  footing.  Buoyancy  was  not  considered  in 
design  of  these  walls  since  the  bottom  of  footings  are  above  design 
high  water  level.  Maximum  toe  pressure  is  1900  PSF  and  no  uplift  is 
present  under  the  footings.  A  load  factor  of  1.9  was  used  for  design 
of  all  reinforcing  steel. 


ABUTMENT  WINGWALL  EXTENSIONS 

61.  The  abutment  wingwall  extensions  are  to  be  constructed  on  rock  except 
for  the  68  foot  section  at  the  downstream  end  of  the  downstream 
extension  which  will  be  founded  on  soil.  These  walls  were  designed  for 
dead  load  plus  submerged  backfill  without  any  live  load  surcharge. 
Sliding  was  computed  and  a  key  designed  to  resist  all  excess  horizontal 
forces.  A  load  factor  of  1.9  was  used  for  steel  reinforcing  design. 
EFP  for  submerged  backfill  was  96  PCF.  Walls  less  than  fifteen  feet  in 
height  shall  be  l'-O"  thick  at  the  top  and  higher  walls  shall  be  l'-6n 
thick  at  the  top.  Back  face  batter  for  all  walls  is  3/4"  per  foot. 
These  walls  will  be  isolated  from  the  bikeway  bridge  and  pavement  slabs 
with  expansion  joint  material.  A  steel  pedestrian  railing  similar  to 
that  existing  will  be  required  on  top  of  the  wing  wall  extensions. 
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DESIGN  MEMORANDUM  NO.  2  FEATURE 
FLOOD  CONTROL  SOUTH  FORK  ZUMBRO  RIVER 
ROCHESTER.  MINNESOTA 
STAGE  IB 

APPENDIX  D 

DETAILED  ESTIMATE  OF  FIRST  COST 


SUMMARY  OF  ESTIMATED  FIRST  COST 
(December,  1986  Price  Levels) 
For 

Rochester  Stage  IB 
Feature  Design  Memorandum 


Construction  First  Costs 


2.3  Utility  Relocation  $ 

8.3  Bridges 

Scour  Protections 

9  Channel 

Preliminary  Work 
Flood  and  Wing  Walls 
Removals 
Channel  Work 
Outlet  Modifications 
Miscellaneous  Structures 
Drainage  Facility 
Silver  lake  Dam  Modification 
Restoration  of  Streets,  Roads, 

Parking  Lots  and  Sidewalks 
Restoration  of  Railroad 


14  Recreation  Facilities  (50%  of  Cost) 

30  Engineering  and  Design  12%  of  Direct  Costs 

31  Supervision  and  Administration 

Supervision  and  Inspection  4.5%  of  Direct  Costs 
Overhead 


$  56,350.00 

2,860,000.00 

37.938.50 
2,525,381.83 

47,500.00 

32,200.00 

4,970.00 

2,044,000.00 

87,944.76 

21.401.50 


TOTAL  CONSTRUCTION  FIRST  COSTS . $11 

NON-FEDERAL  FIRST  COSTS 

1  Lands  $ 

2.3  Utility  Relocations 

9  Channel 

Removal 

14  Recreation  Facilities  (50%  of  Cost) 

TOTAL  NON-FEDERAL  FIRST  COSTS . $ 

(Not  Including  Cash  Contribution) 


174,450.40 

,316,000.00 


,717,686.59 

177,487.15 

,126,275.86 

422,400.00 

348,700.00 

283,000.00 

403,000.00 

342,394.68 

2,300.00 

177,487.15 

925,181.83 


TOTAL  ESTIMATED  PROJECT  COST 


$12,208,181.83 
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DETAILED  ESTIMATE  OF  FIRST  COST 
(December  1986  Price  Levels) 

DESCRIPTION  UNIT  QUANTITY  UNIT  COST  WTKl 


Construction  Costs 

2.3  Utility  Relocation 


8"  &  10"  Sanitary  Sewer  Inverted  Siphons,  Sta.  156*30 
Remove  8'1  and  10"  C.I.P. 


Inverted  Siphons 

Job 

Sum  $ 

- 

S 

5,500.00 

Trench  Excavation 

C.Y. 

6,825 

5.00 

34,125.00 

Backfi 1 1 

C.Y. 

4,988 

3.00 

14,-964.00 

Backf i 1 1  ,  Granul ar 

C.Y. 

2,988 

6.50 

19,422.00 

8“  D.I.  Pipe  w/Mechanical  Joint 

L.F. 

120 

18.00 

2,160.00 

10"  D.I.  Pipe  w/Mechanical  Joint 

L.F. 

120 

20.00 

2,400.00 

8"  D.I.  Pipe  w/Ball  Joint, 

River  Crossing 

L.F. 

325 

105.00 

34,125.00 

10"  D.I.  Pipe  w/Ball  Joint, 

River  Crossing 

Contingencies  15 

L.F. 

Percent 

325 

120.00 

39,000.00 

22,754.40 

Total  2.3  Utility  Relocation . 

.$ 

174,450.40 

8.3  Bridges 

Bridge  Scour  Protections 

N.  Broadway  Bridge,  Sta.  125+60 

Excavation,  Common 

C.Y. 

1,120  $ 

3.00 

$ 

3,360.00 

Gabi ons  ,  Type  A 

C.Y. 

784 

85.00 

66,640.00 

Bedding  for  Gabions 

C.Y. 

233 

12.50 

2,912.50 

Concrete  'Protection 

Concrete 

C.Y. 

103 

170.00 

17,510.00 

Reinforcing  Steel 

Lbs. 

14,486 

0.40 

5,794.40 

Cement 

Cwt. 

735 

5.00 

3,675.00 

Dri 1 1 ing  for  Dowel s 

L.F. 

188 

3.00 

564.00 

Dowel s 

Lbs. 

563 

2.00 

1,126.00 

7th  St.  NE  Bridge,  Sta.  157  +  00 

Excavation,  Common 

C.Y. 

3,736 

3.00 

11,208.00 

Riprap,  Type  B 

C.Y. 

2,012 

21.00 

42,252.00 

Bedding  for  Riprap 

C.Y. 

1,150 

12.50 

14,375.00 

Concrete  Protection 

Concrete 

C.Y. 

574 

170.00 

97,580.00 

Reinforcing  Steel 

Lbs. 

80,423 

0.40 

32,169.20 

Cement 

Cwt. 

4,079 

5.00 

20,395.00 

Dri 1 1 i ng  for  Dowel s 

L.F. 

176 

3.00 

528.00 

Dowel s 

Lbs. 

D-l 

527 

2.00 

1 ,054.00 

DESCRIPTION 


UNIT  QUANTITY  UNIT  COST 


TOTAL 


Construction  First  Costs 


8.3  Bridges 


Bridge  Scour  Protections  (Cont'd.) 


Dakota,  Minnesota  &  Eastern  Railroad  Bridg 

e,  Sta. 

174  + 

25 

Excavation,  Common 

C.Y. 

2,113 

$ 

3.00 

$  6,339.00 

Gabions,  Type  A 

C.Y. 

1,284 

85.00 

109,140.00 

Bedding  for  Gabions 

C.Y. 

548 

12.50 

6,850.00 

Concrete  Protection 

Concrete 

C.Y. 

281 

170.00 

47.770.00 

Reinforcing  Steel 

Lbs. 

39,358 

0.40 

15,743.20 

Cement 

Cwt. 

1,996 

5.00 

9,980.00 

Drilling  for  Dowels 

L.F. 

206 

3.00 

618.00 

Dowels 

Lbs . 

596 

2.00 

1,192.00 

Center  Street  Bridge, 

Sta.  184 

+  80 

Excavation,  Common 

C.Y. 

2,700 

$ 

3.00 

$  8,100.00 

Excavation,  Rock 

C.Y. 

282 

10.00 

2.820.00 

Gabions,  Type  A 

C.Y. 

1,719 

85.00 

146,115.00 

Bedding  for  Gabions 

C.Y. 

759 

12.50 

9.487.50 

Concrete  Protection 

Concrete 

C.Y. 

503 

170.00 

85,510.00 

Reinforcing  Steel 

Lbs. 

70,434 

0.40 

28,173.60 

Cement 

Cwt. 

3,572 

5.00 

17.860.00 

Drilling  for  Dowels 

& 

Rock  Anchors 

L.F. 

438 

3.00 

1,314.00 

Dowels 

Lbs. 

714 

2.00 

1,428.00 

40K  Double  Erosion  Protection 

Rock  Anchors 

Lbs. 

490 

3.00 

1,470.00 

3rd  Avenue  SE  Bridge, 

Sta.  205 

+  67 

Excavation,  Common 

C.Y. 

1,548 

3.00 

4.644.00 

Riprap,  Type  B 

C.Y. 

1,032 

85.00 

87,720.00 

Bedding  for  Riprap 

C.Y. 

516 

12.50 

6,450.00 

4th  Street  SE  Bridge, 

Sta.  6  + 

55 

Excavation,  Common 

C.Y. 

1,890 

3.00 

5,670.00 

Gabions,  Type  A 

C.Y. 

1,260 

85.00 

107,100.00 

Bedding  for  Gabions 

C.Y. 

630 

12.50 

7,875.00 

Dewatering 

Job 

Sum 

104,000.00 

Contingencies 

15 

Percent 

171,487.60 

Total 

8.3  Bridges . 

$  1,316,000.00 
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DESCRIPTION 


UNIT  OUANTITY  UNIT  COST 


TOTAL 


Construction  First  Cost 
9  Channel 


Prel i mi  nary  Work 


Preparation  of  Disposal  Areas 

Job 

Sum  $ 

- 

$ 

20,000.00 

Clearing  and  Grubbing  in 

Disposal  Areas 

Acre 

2 

2,000.00 

4,000.00 

Preparation  for  Seeding 

Job 

Sum 

- 

8,000.00 

Seeding,  Fertilizing,  Mulching 

in  Disposal  Areas 

Acre 

10 

700.00 

7,000.00 

Landscaping  in  Disposal  Areas 

Job 

Sum 

- 

10,000.00 

Contingencies  15 

Percent 

7,350.00 

Total 

Prel i mi  nary 

Work 

$ 

56,350.00 

1  ood  and  Wi ng  Wal 1 s 

Concrete  Flood  Wall,  Sta.  125+73 

to  Sta. 

126+58  Rt.  Bank 

Founcation  Wotk 

Clearing  and  Grubbing 

Acre 

0.1  $ 

2,000.00 

$ 

200.00 

Stri pping 

C.Y. 

28 

2.00 

56.00 

Excavation,  Structure 

C.Y. 

2,759 

6.00 

16,554.00 

Backfi 1 1 

'  C.Y. 

3,090 

3.00 

9,270.00 

Wall  Construction 

Concrete 

C.Y. 

289 

170.00 

49,130.00 

Reinforcing  Steel 

Lbs. 

43,350 

0.40 

17,340.00 

Cement 

Cwt. 

2,052 

5.00 

10,260.00 

Joint  Filler 

L.F. 

15 

2.00 

30.00 

Concrete  Slope  Paving 

Concrete 

C.Y. 

117 

115.00 

13,455.00 

Cement 

Cwt. 

827 

5.00 

4,135.00 

Joint  Filler 

L.F. 

200 

2.00 

400.00 

Topsoi 1 

C.Y. 

25 

6.00 

150.00 

Sod 

S.Y. 

590 

1.30 

767.00 

Concrete  Flood  Wall,  Sta.  126+23 

to  Sta. 

126+50  Lt.  Bank 

foundation  l>Jork 

Stri pping 

C.Y. 

30  $ 

2.00 

$ 

60.00 

Excavation,  Structure 

C.Y. 

1,520 

6.00 

9,120.00 

Backfi 1 1 

C.Y. 

1,570 

3.00 

4,710.00 

Wall  Construction 

Concrete 

C.Y. 

223 

170.00 

37,910.00 

Reinforcing  Steel 

Lbs. 

33,500 

0.40 

13,400.00 

Cement 

Cwt. 

1,583 

5.00 

7,915.00 

0-3 


Construction  First  Cost 


9  Channel 


FI ood  and  Wing  Mai  1  s 

Concrete  Flood  Wall  ,  Sta.  126+23  to  Sta. 

Remove  and  Reinstall  Pipe  Rail  L.F. 

Remove  Rail  &  Replace 
with  Cha ini  ink  Fence  L.F. 

Concrete  Slope  Paving 

Concrete  C.Y. 

Cement  Cwt. 

Joint  Filler  L.F 

Topsoil  C.Y. 

Sod  S.Y. 

Concrete  Flood  Wall,  Sta.  169+40  to  Sta. 

Foundation  Work 

Stripping  C.Y. 

Excavation,  Structure  C.Y. 

Excavation,  Rock  C.Y. 

Backfill  C.Y. 

Backfi 1 1  ,  Granul ar  C.Y. 

Wall  Construction 

Concrete  C.Y. 

Reinforcing  Steel  Lbs. 

Cement  Cwt. 

Joint  Filler  L.F. 

Cha i n 1  ink  Fence  L.F. 

Wall  Toe  Drain 

8"  Perforated  C.M.  Pipe  L.F. 

Flap  Gates  for  8"  Pipe  Each 

Storm  Sewer  Outlet 

Catch  Basin  Each 

24"  R.C.P.  L.F. 

Flap  Gate  for  24"  Pipe  Each 

Concrete  Wing  Wall,  Sta.  182+70  to  Sta.  1 
Foundation  Work 

Excavation,  Structure  C.Y. 

Excavation,  Rock  C.Y. 

Backfill  C.Y. 

Backfil 1  ,  Granular  C.Y. 

Wall  Construction 

Concrete  C.Y. 

Reinforcing  Steel  Lbs. 
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126+58  Lt 

.  Bank  (Cant1 

d.) 

22 

$  6.00 

S. 

132.00 

26 

10.00 

260.00 

42 

115.00 

4,830.00 

298 

5.00 

1,490.00 

160 

2.00 

320.00 

31 

6.00 

186.00 

190 

1.30 

247.00 

174+79  Rt 

.  3ank 

206 

$  2.00 

$ 

412.00 

3,041 

6.00 

18,246.00 

1,402 

25.00 

35,050.00 

5,897 

3.00 

17,691.00 

620 

9.00 

5,580.00 

1,064 

170.00 

180,880.00 

171,800 

0.40 

68,720.00 

7,555 

5.00 

37,775.00 

120 

2.00 

240.00 

460 

8.00 

3,680.00 

475 

9.00 

4,275.00 

5 

160.00 

800.00 

1 

1,000.00 

1,000.00 

10 

29.00 

290.00 

1 

450.00 

450.00 

84+76  Rt. 

Bank 

1,759 

$  6.00 

$ 

10,554.00 

418 

25.00 

10,450.00 

1,815 

3.00 

5,445.00 

200 

9.00 

1,800.00 

528 

79,200 


170.00 

0.40 


8 9,760.00 
31,680.00 


DESCRIPTION 


Unit quantity unit  cost 


otal 


Construction  First  Cost 


9.  '  Channel 


FI ood  and  Mi ng  Wall s 


Concrete  Wing  Wall,  Sta.  182+70 

to 

Sta. 

184+76  Rt. 

Bank 

(Cont  ‘  d 

-) 

Cement 

Cwt. 

3,749 

t 

5.00 

$ 

18,745.00 

Joint  Filler 

L.F. 

20 

2.00 

40.00 

Handrail 

L.F. 

207 

35.00 

7,245.00 

Wall  Toe  Drain 

8"  Perforated  C.M.  Pipe 

L.F. 

206 

9.00 

1,854.00 

Flap  Gate  for  8"  Pipe 

Each 

2 

160.00 

320.00 

Topsoi 1 

C.Y. 

52 

6.00 

312.00 

Sod 

S.Y. 

472 

1.30 

613.60 

Concrete  Wing  Wall,  Sta.  185+93 

to 

Sta. 

186+53  Rt. 

Bank 

Foundation  Worx 

St ri pping 

C.Y. 

39 

$ 

2.00 

$ 

78.00 

Excavation,  Structure 

C.Y. 

502 

6.00 

3,012.00 

Excavation,  Rock 

C.Y. 

140 

25.00 

3,500.00 

Backfi 1 1 

C.Y. 

585 

3.00 

1,755,00 

Backf i 1 1  ,  Granul ar 

C.Y. 

43 

9.00 

387.00 

Wall  Construction 

Concrete  , 

C.Y. 

162 

170.00 

27,540.00 

Reinforcing  Steel 

Lbs. 

24,300 

0.40 

9,720.00 

Cement 

Cwt. 

1,150 

5.00 

5,750.00 

Handrail 

L.F. 

63 

35.00 

2,205.00 

Wall  Toe  Drain 

8"  Perforated  C.M.  Pipe 

L.F. 

104 

9.00 

936.00 

Flap  Gate  for  8"  Pipe 

Each 

1 

160.00 

160.00 

Topsoi 1 

C.Y. 

26 

6.00 

156.00 

Sod 

S.Y. 

233 

1.30 

302.90 

Concrete  Flood  Wall,  Sta.  202+90 

to 

Sta. 

204+97  Lt. 

Bank 

Foundation  Work 

Stripping 

C.Y. 

204 

$ 

2.00 

S 

408.00 

Excavation,  Structure 

C.Y. 

6,064 

6.00 

36,384.00 

Backfi 1 1 

C.Y. 

6,423 

3.00 

19,269.00 

Backfil 1 ,  Granular 

C.Y. 

339 

9.00 

3,051.00 

Piles,  HP  10  x  42 

Each 

105 

800.00 

84,000.00 

Wall  Construction 

Concrete 

C.Y. 

764 

170.00 

129,880.00 

Reinforcing  Steel 

Lbs. 

114,600 

0.40 

45,840.00 

Cement 

Cwt. 

5,424 

5.00 

27,120.00 

D-5 


DESCRIPTION 


UNIT  QUANTITY  UNIT  COST 


TOTAL 


Construction  First  Cost 


9.  Channel 


Flood  and  Winq  Wal 1 s 


Concrete  Flood  Wall,  Sta.  202+90  to 

Sta. 

204+97  Lt 

• 

Bank 

Wall  Construction  (Cont'd.) 

Joint  Filler 

L.F. 

40 

S 

2.00 

$ 

80.00 

Handrai 1 

Wall  Toe  Drain 

L.F. 

250 

21.00 

5,250.00 

8“  Perforated  C.M.  Pipe 

L.F. 

250 

9.00 

2,250.00 

Flap  Gate  for  8"  Pipe 

Each 

2 

160.00 

320.00 

Topsoi 1 

C.Y. 

134 

6.00 

804.00 

Sod 

S.Y. 

1,222 

1.30 

1,588.60 

Landscaping 

Job 

Sum 

- 

1,000.00 

Sheet  Pile  Wing  Walls  at  7th  Street 

NE  Bridge,  Sta 

. 

157+00 

Wall  Construction 

PZ-22  Sheet  Pile 

S.F. 

149 

$ 

16.00 

$ 

2,384.00 

PZ-27  Sheet  Pile 

Concrete  Cap 

S.F. 

3,796 

15.00 

60,736.00 

Excavation,  Structure 

C.Y. 

66 

6.00 

396.00 

Backf i 1 1 

C.Y. 

53 

3.00 

159.00 

Concrete 

C.Y. 

25 

265.00 

6,625.00 

Reinforcing  Steel 

Lbs. 

2,000 

0.40 

800.00 

Cement 

Cwt. 

178 

5.00 

890.00 

Topsoi 1 

C.Y. 

20 

6.00 

120.00 

Sod 

S.Y. 

370 

1.30 

481.00 

Sheet  0 i 1 e  Flood  Wall,  Sta.  172+40  to  Sta 

.  186+25  Lt, 

.  Bank 

Site  Work 

Excavation,  Common 

C.Y. 

39 

$ 

3.00 

s 

117.00 

Excavation,  Stripping 

C.Y. 

269 

2.00 

538.00 

Fill 

C.Y. 

2,651 

2.50 

6,627.50 

Topsoi 1 

C.Y. 

190 

6.00 

1,140.00 

Seeding,  Fertilizing  &  Mulching 

Acre 

0.4 

700.00 

280.00 

Wall  Construction 

PZ-27  Sheet  Pile 

Concrete  Cap,  Anchor,  and  Deadman 

S.F. 

35,302 

16.00 

564,832.00 

Excavation,  Structure 

C.Y. 

1,759 

6.00 

10,554.00 

Back  f i 1 1 

C.Y. 

1,827 

3.00 

5,481.00 

Backfill  Granular 

C.Y. 

13 

9.00 

117.00 

Concrete 

C.Y. 

514 

215.00 

110,510.00 

Reinforcing  Steel 

Lbs. 

57,100 

0.40 

22,840.00 

Cement 

Cwt. 

3,646 

5.00 

18,230.00 
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DESCRIPTION 


UNIT 


lUANTITY  UNIT  COST 


TOTAL 


Construction  First  Cost 

9 _ Channel 

Flood  and  Wing  Walls 

Sheet  Pile  Flood  Wall,  Sta.  172+40  to  Sta.  186+25  Lt.  Bank 
Concrete  Cap,  Anchor,  and  Deadman  (Cont'd.) 


Anchors  &  Wale 

Lbs. 

125,299  $ 

2.00 

$ 

250,598.00 

Drilling  for  Anchors 

L.F. 

15 

3.00 

45.00 

Handrail 

L.F. 

1,151 

21.00 

24,171.00 

Dewatering 

Job 

Sum 

- 

226,000.00 

Contingencies 

15  Percent 

376,347.40 

Total 

Flood  and  Wing 

Walls 

$ 

2,860,000.00 

Removals 
Stone  Walls 


Sta. 

125+70  to 

Sta.  126+60 

on 

RT.  Bank 

Job 

Sum 

$ 

- 

$  700.00 

Sta. 

126+30  to 

Sta.  126+80 

on 

Lt.  Bank 

Job 

Sum 

- 

200.00 

Sta. 

180+75  to 

Sta.  182+60 

on 

Lt.  Bank 

Job 

Sum 

- 

400.00 

Sta. 

183+10  to 

Sta.  184+75 

on 

Rt.  Bank 

Job 

Sum 

- 

500.00 

Sta. 

185+90  to 

Sta.  186+75 

on 

RT.  Bank 

Job 

Sum 

- 

200.00 

Sta. 

188+05  to 

Sta.  188+65 

on 

RT.  Bank 

Job 

Sum 

- 

200.00 

Sta. 

190+00  to 

Sta.  191+45 

on 

RT.  Bank 

Job 

Sum 

- 

250.00 

Sta. 

193+10  to 

Sta.  193+45 

on 

RT.  Bank 

Job 

Sum 

- 

100.00 

Wood  Walls 

Sta. 

174+05  to 

Sta.  174+35 

on 

Lt.  Bank 

Job 

Sum 

- 

300.00 

Sta. 

174+55  to 

Sta.  176+30 

on 

Lt.  Bank 

Job 

Sum 

- 

1.300.00 

Concrete  Walls 

Sta. 

126+30  to 

Sta.  126+80 

on 

Lt.  Bank 

Job 

Sum 

- 

1,000.00 

Sta. 

203+50  to 

Sta.  204+97 

on 

Lt.  Bank, 

including 

Foundation  Piles 

Job 

Sum 

- 

8,000.00 

Concrete  Shoreline  Protection  Matting 

Sta. 

152+50  to 

Sta.  156+30 

on  Lt 

:.  Bank 

Job 

Sum 

- 

3,200.00 

Footbridge  Abutment  at  Sta.  193+00 

on  Rt 

:.  Bank 

Job 

Sum 

- 

500.00 
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DE  SCR  I 


Construction  First  Cost 


9  Channel 


Removals  (Cont'd.) 

lT'TTS.P.  Inverted  Siphon 
at  Sta.  170+80 

Job 

Sum  $ 

- 

Sheet  Piling  &  Flap  Gate  at 

Sta.  159+00  on  Lt.  Bank 

Job 

Sum 

- 

48"  R.C.P.  and  Bulkhead  at 

Sta.  159+90  on  Lt.  Bank 

Job 

Sum 

- 

Power  Dam,  No.  Z-2,  at  Sta.  169+60 

Job 

Sum 

24"  x  28"  CMP  at  Sta.  174+00 
on  Lt.  Bank 

Job 

Sum 

- 

Inlet  Structure  at  Sta.  174+15 
on  Lt.  Bank 

Job 

Sum 

- 

Contingencies  ^  Percent 

Total  Removals 


Channel  Work 

Cl  earn  ng  "and  Grubbing 
Excavation 
Stri pping 
Dredging 
Common 
Rock 
Fill 

Rock  Fill 
Type  C 
Type  E 
Riprap 
Type  A 
Type  B 
Type  D 

Bedding  for  Riprap 
Concrete  Toe  Protection 
Concrete 

Reinforcing  Steel 
(Temperature  Steel) 
Cement 
Topsoil 
Seeding, 

Sodding 
Guardrail 
Contingencies 


Acre 

9.3 

2,000.00 

C.Y. 

5,949 

2.00 

C.Y. 

50,465 

4.00 

C.Y. 

223,052 

3.00 

C.Y. 

14,922 

10.00 

C.Y. 

33,598 

2.50 

C.Y. 

2,847 

17.00 

C.Y. 

7,030 

17.00 

C.Y. 

11,624 

21.00 

C.Y. 

11,790 

21.00 

C.Y. 

6,230 

21.00 

C.Y. 

17,938 

12.50 

C.Y. 

67 

115.00 

Lbs. 

9,400 

0.40 

Cwt.. 

476 

5.00 

C.Y. 

2,970 

6.00 

Acre 

5.4 

700.00 

S.Y. 

1,194 

1.30 

L.F. 

600 

16.00 

Fertilizing  and  Mulching 

15  Percent 

Total  Channel  Work 


$  1,500.00 

2,000.00 

1,000.00 

11,000.00 

140.00 

500.00 

4,948.50 

$  37,938.50 


18,600.00 

11,898.00 

201,860.00 

669,156.00 

149,220.00 

83,995.00 

48,399.00 

119,510.00 

244,104.00 

247,590.00 

130,830.00 

224,225.00 

7,705.00 

3,760.00 

2,380.00 

17,820.00 

3,780.00 

1,552.20 

9,600.00 

329,397.63 

S  2,525,381.83 
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DESCRIPTION 


UNIT 


QUANTITY  UNIT  COST 


TOTAL 


Construction  First  Costs 
9  Channel 


Outlet  Modifications 
Sta.  125+79  Rt. 

48"  thru  Flood  Wall  Job 

Sta.  157+17  Rt. 

12"  thru  Underpass  Wall  Job 

Sta.  158+26  Lt. ,  18"  R.C.P.  Outlet 
Remove  18"  R.C.P.  L.F. 

Sta.  162+77  Lt.,  60"  R.C.P.  Outlet 
Remove  60"  R.C.P.  L.F. 

60"  R.C.P.,  Cl.  2  L.F. 


Sum 

$  -  $ 

100.00 

Sum 

- 

120.00 

6 

5.00 

30.00 

22 

10.00 

220.00 

20 

150.00 

3,000.00 

DESCRIPTION _ UNIT  QUANTITY  UNIT  COST _ TOTAL 

Construction  First  Costs 
9 _ Channel 

Outlet  Modifications  (Cont'd.) 


Sta.  165+82  Lt.,  12"  R.C.P.  Outlet 


12"  R.C.P. .  Cl.  2 

L.F. 

6 

$  21.00  : 

$  126.00 

Sta.  173+54  Lt.,  CMP  thru  Sheet 
Remove  36"  R.C.P. 

Pile 

L.F. 

Wall 

60 

6.00 

360.00 

48"  R.C.P.,  Cl.  2 

L.F. 

64 

75.00 

4,800.00 

48"  C.M.P. 

L.F. 

16 

35.00 

560.00 

60"  Dia.  Manhole 

Each 

1 

1,500.00 

1,500.00 

Special  Manhole 

Each 

1 

3,000.00 

3,000.00 

Sta.  174+24  Lt.,  2-32"  CMP 

Plug 

Job 

Sum 

100.00 

100.00 

( 
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DESCRIPTION 


UNIT  QUANTITY  UNIT  COST 


TOTAL 


Construction  First  Costs 


9  Channel 


Outlet  Modifications  (Cont'd.) 


Sta.  176+58  Lt.  ,  24"  CMP  thru  Sheet  Pile  Wall 


Remove  20"  D.I.P. 

L.F. 

20 

$  5.00 

100.00 

24"  C.M.P. 

L.F. 

14 

20.00 

280.00 

Catch  Basin 

Each 

1 

800.00 

800.00 

Sta.  176+90  Lt.,  72"  CMP  thru 
72"  C.M.P. 

Sheet 

L.F. 

Pile 

Wall 

34 

75.00 

2,550.00 

96"  Dia.  Manhole 

Each 

1 

3,300.00 

3,000.00 

Sta.  180+10  Lt..  30"  CMP  thru 
Remove  36"  x  24"  Arch  R.C.P 

Sheet 
.  L.F. 

Pile 

Wall 

26 

6.00 

156.00 

30"  CMP 

L.F. 

14 

22.00 

308.00 

Manhole 

Each 

1 

900.00 

900.00 

Sta.  180+47  Lt.,  18"  CMP  thru 

Sheet 

Pile 

Wall 

Remove  18"  R.C.P. 

L.F. 

30 

5.00 

150.00 

18"  CMP 

L.F. 

15 

18.00 

270.00 

Catch  Basin 

Each 

1 

800.00 

800.00 

Sta.  186+.08  Rt.,  21"  R.C.P.  ' 

thru  Underpass  Ret. 

Wall 

21"  R.C.P.,  Cl. 3 

L.F. 

62 

26.00 

1,612.00 

Manhole 

Each 

1 

900.00 

900.00 

Plug  Exist.  21"  R.C.P. 

Each 

2 

50.00 

100.00 
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DESCRIPTION 


UNIT  QUANTITY  UNIT  COST 


TOTAL 


Construction  First  Costs 


9 _ Channel 

Outlet  Modifications  (Cont'd.) 


Sta.  186+40  It..  24”  R.C.P.  Outlet 


Remove  24"  R.C.P. 

Cl. 2 

L.F. 

74 

$  5.00  $ 

370.00 

24"  R.C.P. 

L.F. 

32 

30.00 

960.00 

Manhole 

Each 

1 

900.00 

900.00 

Sta.  190+20  Rt.  12" 
Remove  12"  R.C.P. 

R.C.P. 

Outlet 

L.F. 

10 

5.00 

50.00 

12"  R.C.P..  Cl. 3 

L.F. 

30 

21.00 

630.00 

Manhole 

Each 

1 

900.00 

900.00 

Sta.  191+70  Rt.  12" 
Remove  12"  P.V.C. 

P.V.C. 

Outlet 

L.F. 

15 

5.00 

75.00 

12"  R.C.P..  Cl. 2 

L.F. 

26 

21.00 

546.00 

Manhole 

Each 

1 

900.00 

900.00 
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UNIT  QUANTITY  UNIT  GOST  TOTAL 


DESCRIPTION _ _ 

Construction  First  Costs 

9 _ Channel 

Outlet  Modifications 

Sta.  202+49  Rt.,  42"  R.C.P.  Outlet 


Remove  42”  R.C.P.  L.F. 

42"  R.C.P.,  Cl  2  L.F. 

60"  Dia.  Manhole  Each 

Sta.  202+88  Lt. 

Remove  24"  R.C.P.  L.F. 

24"  R.C.P.  thru  Flood  Wall  Job 

Sta.  1+40  Rt.,  24"  R.C.P.  Outlet 
Remove  24"  R.C.P.,  L.F. 

24"  R.C.P..  Cl  2  L.F. 


24 

6.00 

144.00 

38 

65.00 

2,470.00 

1 

1,500.00 

1,500.00 

21  5.00  105.00 

Sum  100.00 


37 

5.00 

185.00 

34 

30.00 

1,020.00 
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DESCRIPTION 


UNIT  QUANTITY  UNIT  COST 


TOTAL 


Construction  First  Costs 


9 

Channel 

Outlet 

Modifications 

Sta.  4+05  Lt.,  36"  R.C.P.  Outlet 


Remove  36"  R.C.P. 

L.F. 

20 

$  6.00 

$ 

120.00 

36"  R.C.P.,  Cl.  2 

L.F. 

20 

50.00 

1,000.00 

Sta.  6+00  RT..  15"  R.C.P. 

Outlet 

Remove  15"  CMP 

L.F. 

40 

5.00 

200.00 

15"  R.C.P.,  Cl.  2 

L.F. 

60 

25.00 

1,500.00 

Manholes 

Each 

2 

900.00 

1,800.00 

Plug  Pipes 

Each 

2 

50.00 

100.00 

Contingencies 

15  Percent 

6,203.00 

Total 

Outlet 

Modifications 

$ 

47.500.00 
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DESCRIPTION _ UNIT  QUANTITY  UNIT  COST _ TOTAL 

Construction  First  Costs 
9  Channel 


Miscellaneous  Structures 


Gate  Well  A  at  Sta.  160+00  Lt 

• 

Job  Sum 

$ 

$ 

27.500.00 

Log  Skimmer  at  Sta.  168+90  Lt 

• 

Job  Sum 

- 

500.00 

Contingencies 

15 

Percent 

4,200.00 

Total  Miscellaneous 

Structures 

$ 

32,200.00 

Drainage  Facility 

Culvert  at  Sta.  168+50  RT. 

Trench  Excatation 

C.Y.  235 

2.00 

470.00 

Backfill 

C.Y.  250 

1.00 

250.00 

36”  R.C.P..  1500D 

L.F.  62 

50.00 

3.100.00 

36"  R.C.P..  Apron 

Each  1 

500.00 

500.00 

Contingencies 

15 

Percent 

650.00 

Silver  Lake  Dam  Modifications 
Concrete  Removal 

Total  Drainage  Facility 

$ 

4,970.00 

Apron 

C.Y.  34 

155.00 

5,270.00 

Ogee 

C.Y.  261 

155.00 

40,455.00 

Right  Abutment 

C.Y.  24 

155.00 

3.720.00 

Pier  No.  3 

C.Y.  33 

155.00 

5,115.00 

Access  Bridge 

Concrete 

C.Y.  19 

155.00 

2,945.00 

Ogee 

C.Y.  337 

155.00 

38,755.00 

Right  Abutment 

C.Y.  '  133 

170.00 

22.610.00 

Pier  No.  3 

C.Y.  107 

170.00 

18.190.00 

Access  Bridge  &  Pier  Repair 

C.Y.  13 

170.00 

2,210.00 

Apron 

Reinforcing  Steel 

C.Y.  520 

170.00 

88,400.00 

Ogee 

Lbs.  28,630 

0.50 

14,315.00 

Right  Abutment 

Lbs.  11,300 

0.50 

5,650.00 

Pier  No.  3 

Lbs.  9,030 

■  0.50 

4,515.00 

Access  Bridge 

Lbs.  990 

0.50 

495.00 

Tremic  Concrete 

C.Y.  62 

80.00 

4,960.00 
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Construction  First  Cost 


9  Channel 


Silver  Lake  Dam  Modifications  (Cont'd.) 


Reinforcing  Steel  (Cont ' d.") 

Apron  Lbs. 

Cement 
Ogee 

Right  Abutment  Cwt. 

Pier  No.  3  Cwt. 

Access  Bridge  &  Pier  Repair  Cwt. 

Tremic  Concrete  Cwt. 


Apron 

PZ22  Sheet  Piling 
Downstream 
Upstream 

25  Ton  Soil  Anchors 
30  Ton  Soil  Anchors 
12"  Treated  Timber  Piling 
Del i v.  &  Drvn. 

Handrai 1 i ng 
Right  Abutment 
Access  Bridge 

Misc.  (Doors,  Windows  &  Skylights) 
Metal  Roofing 
Framing  Lumber 
Misc.  Metals  (Stainless 
Plates,  Etc.) 

Ladder 

Access  Bridge 
Mechanical  Construction 
Hinged  Leaf  Gate 
Tainter  Gate  Modifications 
Cyl inders 
Trunion  Supports 
Hydraulic  Power  Unit  w/Controls 
and  Manifold 
Hydraulic  Piping 
Tainter  Gate  Hoist  Removal  and 
New  Mounting 
Electrical  Construction 
Service  Switch  and  Service 
Connections 
Distribution  Panels 
Step  Down  Transformer 
Lighting 


Cwt. 


S.F. 

S.F. 

Each 

Each 

L.F. 


L.F. 

L.F. 

Job 

S.F. 

FBM 

Job 

Job 

Job 

Job 

Job 

Job 

Job 

Job 

Job 

Job 


Job 

Job 

Job 

Job 


44,200  $ 

0.50 

2,393 

5.00 

944 

5.00 

760 

5.00 

92 

5.00 

440 

5.00 

3,692 

5.00 

7,070 

13.50 

6,690 

13.50 

6 

1 ,860.00 

20 

2,170.00 

500 

36.00 

41 

21.00 

140 

29.00 

Sum 

- 

370 

5.20 

775 

3.20 

Sum 

- 

Sum 

- 

Sum 

- 

Sum 

- 

Sum 

Sum 

- 

Sum 

- 

Sum 

- 

Sum 

- 

Sum 

- 

Sum 

- 

Sum 

- 

Sum 

- 

Sum 

- 

22,100.00 

11,965.00 

4,720.00 

3,800.00 

460.00 

2,200.00 

18,460.00 

95,445.00 

90,315.00 

11,160.00 

43,400.00 

18,000.00 

861.00 

4,060.00 

6,510.00 

1,924.00 

2,480.00 

31,000.00 

1,040.00 

17,920.00 

738,600.00 

6,700.00 

51,650.00 

10,330.00 

20,660.00 

36,155.00 

10,330.00 


3,930.00 

3,720.00 

2,380.00 

830.00 


DESCRIPTION 


UNIT 


QUANTITY  UNIT  COST 


TOTAL 


Construction  First  Costs 


9  Channel 


Silver  Lake  Dam  Modifications 

Electrical  Construction  (Cont'd.) 


Conduit 


1" 

Job 

Sum  $ 

- 

$ 

5,060.00 

1  1/4" 

Job 

Sum 

- 

8,680.00 

Trenching  and  Backfilling 

Job 

Sum 

- 

1,240.00 

Conductors 

#12 

Job 

Sum 

- 

1.450.00 

#  8 

Job 

Sum 

- 

1.860.00 

#  6 

Job 

Sum 

- 

1,140.00 

Leaf  Gate  Controls 

Job 

Sum 

- 

9,920.00 

Leaf  Gate  Equipment  Connections 

Job 

Sum 

- 

3,410.00 

De-icing  System 

Job 

Sum 

- 

23,760.00 

Tainter  Gate  Hoist  Connections 

Job 

Sum 

- 

7,440.00 

Miscellaneous 

Job 

Sum 

- 

21,200.00 

Dewatering 

Job 

Sum 

- 

161,630.00 

Contingencies  15  Percent 

266,500.00 

Total  Silver 

Lake  Modifications 

$ 

2,044,000.00 

Restoration  of  Streets,  Roads,  Parking  Lots,  and  Sidewalks 

Cemetery  Roads 

Remove  and  Reinstall 

Chainlink  Fence 

L.F. 

415  $ 

6.00 

$ 

2,490.00 

Remove  Bituminous  Pavement 

S.Y. 

430 

2.50 

1,075.00 

Excavation,  Common 

C.Y. 

72 

3.00 

216.00 

Excavation,  Stripping 

C.Y. 

181 

2.00 

362.00 

Subgrade,  Fine  Grading 

S.Y. 

464 

0.50 

232.00 

Bituminous  Pavement 

Bituminous  Mat'l.  for  Mixture 

Ton 

25 

208.00 

5,200.00 

Bituminous  Wearing  Course 

Ton 

370 

13.20 

4,884.00 

Bituminous  Base  Course 

Ton 

47 

13.20 

620.00 

Bituminous  Tack  Coat 

Gal. 

224 

1.50 

336.00 

Crushed  Stone  Base 

Ton 

120 

6.00 

720.00 

Topsoil 

C.Y. 

68 

6.00 

408.00 

Sod 

S.Y. 

610 

1.30 

793.00 

2nd  Avenue  NE 

Remove  Bituminous  Pavement 

S.Y. 

119 

2.50 

297.50 

Remove  Concrete  Curb  and  Gutter 

L.F. 

65 

4.20 

273.00 

Remove  Concrete  Sidewalk 

S.Y. 

36 

4.00 

144.00 

Remove  &  Replace  Barricade 

L.F. 

62 

20.00 

1,240.00 

Subgrade,  Fine  Grading 

S.Y. 

119 

0.50 

59.50 

D-17 


Construction 
9  Channel 

Roads’  Parkinn  lntr 

Bituminous  Pavement 
Bituminous  Mat' I.  for  Mixture 
Bituminous  Wearing  Course 
8i tuminous  Base  Course 
Bituminous  Tack  Coat 
Crushed  Stone  Base  r 

Concrete  Sidewalk  and  Curb  &  Gutter 
Concrete 
Cement 

Granular  Base 
Sod 

2nd  Street  NE  and  Parking  Lot 
Excavation,  Common 
Aggregate  Surfacing 
Remove  &  Replace  Permanent 
Barricade 

Remove  &  Replace  Chainlink  Fence 
^ree^  ^E  &  Bit.  Parking  Lot 
Remove  Bituminous  Pavement 
Excavation,  Common 
Subgrade,  Fine  Grading 
Bituminous  Pavement 
8i tuminous  Mat 1 1 .  for  Mixture 
Bituminous  Wearing  Course 
Bituminous  Base  Course 
Bituminous  Tack  Coat 
Crushed  Stone  Base 
Aggregate  Surfacing 
Remove  &  Replace 
Permanent  Barricade 
Remove  &  Replace  Chainlink  Fence 


Ton 
Ton 
Ton 
Gal. 
Ton 
?r 

C.Y. 
Cwt. 
Ton 
S.  Y. 

C.Y. 

Ton 

L.F. 

l.F. 

S.Y. 

C.Y. 

S.Y. 

Ton 

Ton 

Ton 

Gal. 

Ton 

Ton 


3  $ 

208.00 

13 

13.20 

39 

13.20 

6 

1.50 

60 

6.00 

a 

115.00 

57 

5.00 

6 

6.00 

42 

1.30 

39 

3.00 

72 

8.50 

32 

20.00 

210 

10.00 

L.F. 

L.F, 


-  -  "r  •  umo  m  1 1  nx  rence  l  f 

Parkmg  Lot  and  Entrance  at  Park  and  Recreati 
Remove  Bituminous  Pavement  recreati 

Excavation,  Common 
Subgrade,  Fine  Grading 
Biti'minous  Pavement 
Bituminous  Mat'l.  for  Mix. 

Bituminous  Wearing  Course 


S.Y. 

C.Y. 

S.Y. 


Ton 

Ton 


1,211 

170 

1,211 

13 

189 

44 

10 

319 

68 

32 

310 

on  Bldg, 
,651 
275 
,121 

19 

123 


2.50 
3.00 
0.50 

208.00 

13.20 

13.20 

1.50 

6.00 

8.50 

20.00 

10.00 

2.50 
3.00 
0.50 

208.00 

13.20 


624.00 

171.60 
514.80 

9.00 

360.00 

920.00 

285.00 

36.00 

54.60 

117.00 

612.00 

640.00 

2,100.00 

3,027.50 

510.00 

605.50 

2,704.00 

2,494.80 

580.80 

15.00 

1,914.00 

578.00 

640.00 

3,100.00 

4,127.50 

825.00 

560.50 

3,952.00 

1,623.60 
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DESCRIPTION 


UnTt  quantity  unit  cost 


TlTTAT 


Construction  First  Cost 
9  Channel 


Restoration  of  Streets,  Roads,  Parking  Lots, 

and  Sidewalks 

Parking  Lot  and  Entrance  at  Park 

and  Recreation  Bldg 

Bituminous  Pavement  (Cont'd.) 

Bituminous  Base  Course 

Ton 

247  $ 

13.20  $ 

3,260.40 

Bituminous  Tack  Coat 

Gal. 

56 

1.50 

84.00 

Crushed  Stone  Base 

Ton 

341 

6.00 

2,046.00 

East  Center  Street 

Remove  Concrete  Pavement 

S.Y. 

235 

7.00 

1,645.00 

Remove  Concrete  Sidewalk 

S.Y. 

13 

4.00 

52.00 

Subgrade,  Fine  Grading 

S.Y. 

235 

0.50 

117.50 

Portland  Cement  Pavement  and  Curb 
Concrete  C.Y. 

60 

115.00 

6,900.00 

Reinforcing  Steel 

Lbs. 

4,800 

0.40 

1,920.00 

Cement 

Cwt. 

426 

5.00 

2,130.00 

Expansion  Joint  Material 

L.F. 

116 

2.00 

232.00 

Concrete  Sidewalk 

Concrete 

C.Y. 

2 

115.00 

230.00 

Cement 

Cwt. 

14 

5.00 

70.00 

Granular  Base 

Ton 

2 

6.00 

12.00 

Sod 

S.Y. 

72 

1.30 

93.60 

Parking  Lot  of  County  Health  Center 

Remove  Bituminous  Surface  S.Y. 

422 

2.50 

1,055.00 

Excavation,  Common 

C.Y. 

70 

3.00 

210.00 

Subgrade,  Fine  Grading 

S.Y. 

217 

0.50  . 

108.50 

Bituminous  Pavement 

Bituminous  Mat'!,  for  Mixture 

Ton 

2 

208.00 

416.00 

Bituminous  Wearing  Course 

Ton 

36 

13.20 

475.20 

Crushed  Stone  Base 

Ton 

55 

6.00 

330.00 

Mayo  Civic  Center 

Remove  Bituminous  Sidewalk 

S.Y. 

49 

2.50 

122.50 

Remove  Concrete  Sidewalk 

S.Y. 

80 

4.00 

320.00 

Bituminous  Sidewalk 

Bituminous  Mat'l.  for  Mixture 

Ton 

0.3 

208.00 

62.40 

Bituminous  Wearing  Course 

Ton 

5 

13.20 

66.00 

Crushed  Stone  Base 

Ton 

10 

6.00 

60.00 

Concrete  Sidewalk 

Concrete 

C.Y. 

9 

115.00 

1,035.00 

Cement 

Cwt. 

64 

5.00  - 

320.00 

Granular  Base 

Ton 

8 

6.00 

48.00 

Contingencies  15 

Total 

Percent 

Restoration  of  Streets, 

11,471.06 

Roads 

,  Parking 

Lots,  and 

Sidewalks  $ 

87,944.76 
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DESCRIPTION _ UNIT  QUANTITY  UNIT  COST _ TOTAL 

Construction  First  Costs 


_ 9 _ Channel  (Cont'd.) 

Restoration  of  Railroad 


Track  Work  and  Loss  of  Time 

Job 

Sum 

$ 

$ 

18,610.00 

Contingencies  15 

Percent 

2,791.50 

Total  Restoration  of 

Railroad 

21,401.50 

Total  9  Channel . 

•  •  •  •  i 

•  •  «  •  $ 

7.717.686.59 

14  Recreation  Facilities 

Bike  Path  (Bituminous) 

Excavation,  Common 

C.Y. 

756 

$ 

2 . 00 

$ 

1,512.00 

Excavation,  Stripping 

C.Y. 

52 

2.00 

104.00 

Embankment,  Compacted  Fill 

C.Y. 

215 

1.50 

322.50 

Subgrade,  Fine  Grading 

S.Y.  4 

.735 

0.50 

2,367.50 

Bitmnimous  Pavement 

Bituminous  Material  for  Mixture  Ton 

28 

208.00 

5.824.00 

Bituminous  Wearing  Course 

Ton 

466 

13.20 

6,151.20 

Crushed  Stone  Base 

Ton 

958 

6.00 

5.748.00 

Chainlink  Fence 

L.F. 

870 

8.00 

6,960.00 

Topsoil 

C.Y. 

70 

6.00 

420.00 

Seeding,  Fertilizing  &  Mulching  Acre 

0. 

6 

700.00 

420.00 

Sod 

S.Y. 

157 

1.30 

204.10 

Landscaping 

Job 

Sum 

- 

1,500.00 

Signs 

Each 

12 

50.00 

600.00 

Shelters 

Each 

2 

7 

,500.00 

15,000.00 

Contingencies  15 

Percent 

7,070.00 

Total  Bike 

Path 

(Bit. 

l 

$ 

54,203.30 

Bike  Path  Underpass  and  Bike  Path  Approaches 

:  on 

Slopes 

7th  Street  NE  Bridge 

Excavation,  Structure 

C.Y. 

630 

$ 

6.00 

$ 

3,780.00 

Backfill,  Granular 

C.Y. 

226 

9.00 

2,034.00 

Retaining  Wall 

Concrete 

C.Y. 

213 

170.00 

36,210.00 
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DESCRIPTION 


UNIT  QUANTITY  UNIT  COST 


Construction  First  Cost 


14  Recreation  Facilities 


ike  Path  Underpass  and  Bike  Path 

Approaches 

on  Slopes 

7th  Street  NE  Bridge 

Retaining  Wall  (Cont'd.) 

Reinforcing  Steel 

Lbs. 

31,950  $ 

0.40  $ 

12,780.00 

Cement 

Cwt. 

1,512 

5.00 

7,560.00 

Concrete  Pavement 

Concrete 

C.Y. 

43 

115.00 

4,945.00 

Reinforcing 

Lbs. 

2,800 

0.40 

1,120.00 

Cement 

Cwt. 

277 

5.00 

1,385.00 

Expansion  Joint  Material 

L.F. 

212 

2.00 

424.00 

Wall  Toe  Drain 

8"  Perforated  C.M.  Pipe 

L.F. 

150 

9.00 

1,350.00 

Flap  Gates  for  8“  Pipe 

Each 

2 

160.00 

320.00 

Chainlink  Fence 

L.F. 

300 

8.00 

2,400.00 

Electrical  Lighting  and  Power 

Job 

Sum 

- 

2,000.00 

Signs 

Contingencies  15 

Each 

Percent 

6 

50.00 

300.00 

11,491.20 

East  Center  Street  Bridge 

Excavation,  Structure 

C.Y. 

222 

6.00 

1,332.00 

Excavation,  Rock 

C.Y. 

139 

25.00 

3,475.00 

Backfi 1 1  ,  Granul ar 

C.Y. 

248 

9.00 

2,232.00 

Bikeway  Wal 1 

Concrete 

C.Y. 

246 

170.00 

41,820.00 

Reinforcing  Steel 

Lbs. 

36,900 

0.40 

14,760.00 

Cement 

Cwt. 

1,747 

5.00 

8,735.00 

Drilling  for  Rock  Anchors 

L.F. 

230 

5.00 

1,150.00 

Anchor  Assembl ies 

Lbs. 

2,990 

3.00 

8,970.00 

Piling,  HP  10  x  42 

Each 

2 

560.00 

1,120.00 

Concrete  Pavement 

Concrete 

C.Y. 

54 

115.00 

6,210.00 

Reinforcing  Steel 

Lbs. 

3,475 

0.40 

1,390.00 

Cement 

Cwt. 

383 

5.00 

1,915.00 

Expansion  Joint  Material 

L.F. 

200 

2.00 

400.00 

Bikeway  Bridges 

Concrete 

C.Y. 

150 

170.00 

25,500.00 

Reinforcing  Steel 

Lbs. 

34,040 

0.40 

13,616.00 

Cement 

Cwt. 

1,065 

5.00 

5,325.00 

Wall  Toe  Drain 

8"  Perforated  C.M.  Pipe 

L.F. 

110 

9.00 

990.00 

Flap  Gates  for  8"  Pipe 

Each 

2 

160.00 

320.00 

Chainlink  Fence 

L.F. 

595 

8.00 

4,760.00 

Electrical  Lighting  and  Power 

Job 

Sum 

- 

2,000.00 

Signs 

Contingencies  15 

Each 

Percent 

6 

50.00 

300..00 

21,948.00 
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DESCRIPTION 


UNIT  QUANTITY  UNIT  COST 


TOTAL 


Construction  First  Costs 


14  Recreation  Facilities 


Bike  Path  Underpass  and  Bike  Path  Approaches  on  Slopes  (Cont'd.) 
3rd  Avenue  SE  Bridge 


Excavation,  Structure 

C.Y. 

315 

$  6.00 

Backfill,  Granular 

C.Y. 

113 

9.00 

Retaining  Wall 

Concrete 

C.Y. 

107 

170.00 

Reinforcing 

Lbs . 

16,000 

0.40 

Cement 

Cwt. 

756 

5.00 

Concrete  Pavement 

Concrete 

C.Y. 

22 

115.00 

Reinforcing  Steel 

Lbs . 

1,400 

0.40 

Cement 

Cwt . 

156 

5.00 

Expansion  Joint  Material 

L.F. 

140 

2.00 

Wall  Toe  Drain 

8”  Perforated  C.M.  Pipe 

L.F. 

75 

9.00 

Flap  Gate  for  8"  Pipe 

Each 

1 

160.00 

Chainlink  Fence 

L.F. 

150 

8.00 

Electical  Lighting  and  Power 

Job 

Sum 

1.000.00 

Signs 

Contingencies  15 

Each 

Percent 

3 

50.00 

Total  Bike  Path  Underpass  and 
Bike  Path  Approaches  and  Slopes 

Total  14  Recreation  Facilities . 

(50%  of  $354,974.30) 

30  _ Engineering  and  Design  12%  of  Direct  Costs.. 

31  _ Supervision  and  Administration 

Supervision  and  Inspection  4.5%  of  Direct  Costs. 

Overhead 


TOTAL  CONSTRUCTION  FIRST  COSTS 


$  1,890.00 

1,017.00 

18,190.00 

6,400.00 

3.780.00 

2,530.00 

560.00 

780.00 

280.00 


675.00 

160.001 

1,200.00 

1,000.00 

150.00 

5,791.80 


$  300.771.00 
$  177,487.15 


$  1,126,275.86 


$  422,400.00 

348,700.00 


$11,283,000.00 
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DESCRIPTION 


UNIT  QUANTITY  UNIT  COST 


TOTAL 


Non-Federal  First  Costs 
1 _ Lands 

Private  Lands 
Cemetery 


Temporary  Right-of-Way 

Acre 

1.3 

$ 

4,500.00 

$ 

5,850.00 

Commercial 

Permanent  Right-of-Way 

Acre 

0.7 

9,000.00 

6,300.00 

Temporary  Right-of-Way 

Acre 

0.1 

4,500.00 

450.00 

Railroad 

Bike  Path  Easement 

Job 

Sum 

- 

500.00 

Deadman  Anchor  Easement 

Job 

Sum 

- 

1,500.00 

Sanitary  Sewer  Easement 

Job 

Sum 

5,750.00 

Agreement  for  Easement 

Each 

3 

150.00 

450.00 

City  Owned  Lands 

Channel  Improvement 

Easement 

Acre 

26.0 

8,900.00 

231.400.00 

Recreation  Permanent 

Right-of-Way 

Acre 

2.0 

25.000.00 

50.000.00 

Construction  Temporary 

Easement 

Acre 

3.0 

4,500.00 

13,500.00 

Administration/Acquisition  Costs 

35,100.00 

Contingencies  15  Percent 

52,200.00 

Total  1  Lands., 

403,000.00 

2.3  Utility  Relocations 

15"  Sanitary  Sewer,  Sta.  157+12  to 

Sta.  185+40  RT. 

Bank 

Abandon  Manholes 

Sta.  172+10  Rt.  8.6'  Deep 

Each 

1 

$ 

150.00 

$ 

150.00 

Sta.  174+60  Rt.  8.2'  Deep 

Each 

1 

150.00 

150.00 

Remove  Manholes 

Sta.  171+40  Rt.  6.6'  Deep 

Each 

1 

250.00 

250.00 

Sta.  177+65  Rt.  16.1'  Deep 

Each 

1 

500.00 

500.00 

Sta.  181.00  Rt.  17.7'  Deep 

Each 

1 

500.00 

500.00 

Sta.  183.75  Rt.  16.1'  Deep 

Each 

1 

500.00 

500.00 

Remove  12"  V.C.  Pipe 

Sta.  176+00  Rt.to  Sta.  179+70  Rt.  L.F. 

370 

10.00 

3,700.00 

Sta.  180+40  Rt.to  Sta.  184+80  Rt.  L.F. 

440 

10.00 

4,400.00 

Plug  Pipes 

Each 

12 

50.00 

600.00 

Trench  Excavation  and  Backfill 

O'  to  6'  Deep 

L.F. 

332 

7.50 

2,490.00 

6'  to  10'  Deep 

L.F. 

1,409 

11.00 

15,499.00 

10'  to  13'  Deep 

L.F. 

72 

16.00 

1,152.00 

13'  to  15'  Deep 

L.F. 

57 

22.00 

1,254.00 

15'  to  17'  Deep 

L.F. 

281 

32.00 

8,992.00 

17'  to  19'  Deep 

L.F. 

168 

38.00 

6,384.00 

19'  to  21'  Deep 

L.F. 

315 

73.00 

22,995.00 

Trench  Excavation,  Rock 

C.Y. 

434 

21.00 

9,114.00 

Backfill,  Granular 

C.Y. 

255 

6.50 

1,657.50 

15"  Sanitary  Sewer  Pipe 

L.F. 

2,580 

20.00 

51,600.00 

16"  D.I.  Pipe  w/Mechanical  Joint 

L.F. 

112 

28.00 

3,136.00 

30"  Steel  Casing  by  Bore  &  Jack 

L.F. 

62 

120.00 

7,440.00 
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DESCRIPTION 


UNIT 


Non-Federal  First  Costs 

2.3  Utility  Relocations  (Cont'd.) 


Twin  Siphons 

Trench  Excavation  C.Y. 

Backfill  C.Y. 

Backfill  ,  Granular  C.Y. 

10"  D.I.  Pipe  w/Mechanical  Joint  L.F. 
10"  D.I.  Pipe  w/Ball  Joint, 

River  Crossing  i-.F. 

Standard  Sanitary  Sewer  Manholes 

Sta.  164+05  Rt.  7.5’  Deep  Each 

Sta.  166+03  Rt.  7.5'  Deep  Each 

Sta.  170+30  Rt.  5.0’  Deep  Each 

Sta.  171+58  Rt.  4.8’  Deep  Each 

Sta.  172+70  Rt.  6.7'  Deep  Each 

Sta.  174+58  Rt.  7.3'  Deep  Each 

Sta.  174+95  Rt.  10.5'  Deep  Each 

Sta.  176+00  Rt.  14.2'  Deep  Each 

Sta.  180+38  Rt.  12. 1'  Deep  Each 

Sta.  182+55  Rt.  20.3'  Deep  Each 

60"  Dia.  Sanitary  Sewer  Manhole, 

Sta.  157+12  Rt.  10.7’  Deep  Each 

Siphon  Manholes 

Sta.  158+68  Rt.  6.0'  Oeep  Each 

Sta.  160+48  Rt.  7.5'  Deep  Each 

2"  Insulation  S.F. 

Restore  Sanitary  Sewer  Service  Each 

Overhead  Power  at  Sta.  170+20  & 

Sta.  161+00  to  Sta.  169+70  Rt.  Job 

10"  Gas  Line  at  Sta.  170+70  &  Sta.  171+35 
to  Sta.  172+00  Rt.  Job 

Overhead  Power 

Sta.  181+30  to  Sta.  184+90  Rt.  Job 

4"  Water  Service  at  Sta.  184+00  -  Rt.  Job 
Hydrant  Extension 

at  Sta.  158+45  -  195'  Lt.  Job 


QUANTITY  UNIT  COST 


640  S 

1  5.00  $ 

462 

3.00 

370 

6.50 

76 

20.00 

224 

120.00 

i 

X 

900.00 

1 

900.00 

1 

850.00 

1 

850.00 

1 

900.00 

1 

900.00 

1 

1,000.00 

1 

1,500.00 

i 

1,400.00 

1 

5,000.00 

1 

1,500.00 

1 

4,000.00 

1 

4,000.00 

1,920 

1.50 

2 

300.00 

Sum 

Sum 

- 

Sum 

- 

Sum 

- 

Sum 

TSU L 


3,200.00 

1,386.00 

2,405.00 

1,520.00 

26,880.00 

900.00 

900.00 

850.00 

850.00 

900.00 

900.00 

1,000.00 

1,500.00 

1,400.00 

5,000.00 

1,500.00 

4,000.00 

4,000.00 

2,880.00 

600.00 


18,000.00 


60,000.00 


6,000.00 

8,000.00 


300.00 
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DESCRIPTION 


UNIT  QUANTITY  UNIT  COST 


TOTAL 


Non-Federal  First  Costs 

2.3  Utility  Relocations  (Cont'd.) 

Raise  Manholes 

at  Sta.  158+75  -  270'  Lt.  Job  Sum  $  $  200.00 

at  Sta.  158+85  -  220*  Lt.  Job  Sum  -  200.00 

Contingencies  15  Percent  44,660.18 

Total  2.3  Utility  Relocations . $  342,394.68 

9  Channel 

Removal 

Building  at  Sta.  177+50  Lt.  Bank  Job  Sum  -  $  2,000.00 

Contingencies  15  Percent  300.00 

Total  9  Channel . $  2,300.00 

14  Recreation  Facilities  (50%  of  $354,974.30) . $  177,487.15 

TOTAL  NON-FEDERAL  FIRST  COSTS . $  925,181.83 

TOTAL  ESTIMATED  PROJECT  COST . $  12,208,181.83 
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1.  INTRODUCTION 


Stage  IB  channel  modifications  on  the  South  Fork  of  the  Zumbro  River 
will  extend  from  the  North  Broadway  Street  bridge  8,007  feet  upstream  to 
the  3rd  Avenue  SB  bridge.  This  stage  includes  500  feet  of  Bear  Creek 
downstream  of  the  4th  Street  SB  bridge.  Work  includes  the  following: 

1)  Modifications  to  the  Silver  Lake  Dam 

2)  Scour  Protection  at  the  North  Broadway  Bridge 

3)  Scour  Protection  at  the  7th  Street  NB  Bridge 

4)  Scour  Protection  at  the  Dakota,  Minnesota  &  Eastern 

Railroad  Bridge  (former  Chicago  &  North  Western 
Railroad) 

5)  Scour  Protection  at  the  Center  Street  Bridge 

6)  Channel  Excavation  from  1  foot  to  5  feet  in  Depth 

7)  Slope  Protection  with  Riprap  and  Rockfill  that  varies 

from  1  Vertical  on  3  Horizontal  to  1  Vertical  on 
2  Horizontal 

8)  Approximately  400  feet  of  Wing  Walls 

9)  905  feet  of  Concrete  Flood  Walls 

10)  1,195  feet  of  Sheet  Pile  Walls 

A  bicycle  path  will  be  constructed  on  the  right  bank  of  the  Zumbro  River 
for  the  entire  stage.  The  bicycle  path  is  approximately  one  mile  long 
and  includes  bridge  underpasses  at  7th  Street  NE,  Center  Street,  and  3rd 
Avenue  SB. 

Approximately  2,800  feet  of  15-inch  sanitary  sewer  along  the  right  bank 
from  7th  Street  NE  to  East  Center  Street  will  be  constructed,  including 
150  feet  of  twin  10-inch  inverted  siphons  across  Silver  Creek. 

This  sewer  will  replace  the  existing  12-inch  sanitary  sewer  siphon  at 


Sta.  170+80  and  12-inch  sanitary  sewer  on  the  right  bank  from  Station 
171+40  to  Station  185+40. 


2.  CONSTRUCTION  SEQUENCE 

Stage  IB  construction  will  be  done  in  two  phases.  The  first  phase  will 
be  the  modifications  to  Silver  Lake  dam  and  adjacent  concrete  floodwalls 
and  wingvalls.  This  work  will  start  in  September  and  will  use 
cofferdams  to  maintain  the  water  level  through  the  fall  and  winter 
months.  The  second  phase  will  begin  in  April  after  the  Spring  runoff 
has  occurred.  To  eliminate  as  much  water  as  possible  in  the  river 
channel,  the  Silver  Lake  dam  tainter  gates  must  be  raised.  All  work 
near  or  in  the  channel  bottom  shall  be  performed  during  the  spring  and 
summer  and  must  be  completed  by  mid-October.  ^ 

Careful  consideration  has  been  given  to  the  following  construction 
activities.  Included  with  this  list  of  activities  is  a  construction 
schedule  bar  chart.  See  Exhibit  D  -  Construction  Schedule  Bar  Chart. 

LIST  OF  ACTIVITIES  FOR  CONSTRUCTION  SCHEDULE  BAR  CHART 


1 .  Mobilization 

2.  Construct  cofferdam  upstream  and  downstream  of  the  Silver  Lake  Dam  for 
tainter  gate  modification  (left  side  of  dam). 

3.  Modify  tainter  gate  side  of  dam  and  construct  new  access  bridge. 

4.  Construct  concrete  apron  on  left  side  of  Silver  Lake  dam. 


5.  Remove  existing  concrete  and  stone  wall  and  construct  left  bank 
floodwall  and  concrete  side  slope  at  Sta.  126+50. 


6. 


Construct  right  bank  flood  wall  and  concrete  slope,  at  Sta. 


126+50. 


7.  Remove  cofferdam  upstream  and  downstream. 
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8.  Raise  tainter  gates  and  lower  water  elevation  to  approximately  965. 

9.  Construct  cofferdam  upstream  and  downstream  of  the  Silver  Lake  Dam  for 
ogee  modification  (right  side). 

10.  Modify  ogee  side  of  dam. 

11.  Construct  concrete  apron  on  right  side  of  dam. 

12.  Remove  cofferdam  upstream  and  downstream. 

13.  Start  Silver  Lake  channel  dredging  to  7th  St.  bridge  (approximately  Sta. 
158+80). 

14.  Clearing  and  grubbing  along  banks  to  end  of  project. 

15.  Construct  concrete  scour  protection  and  place  gabions  to  left  abutment 
and  pier  of  Broadway  Street  bridge. 

16.  Excavate  temporary  channel  along  left  edge  of  proposed  channel  from  Sta. 
155+00  to  Sta.  205+00  and  Sta.  6+50  of  Bear  Creek  for  dewatering 
purposes  and  remove  a  part  (left  side)  of  Dam  No.  Z-2. 

17.  Construct  concrete  scour  protection  to  abutment  and  pier  and  place 
gabions  on  right  side  of  North  Broadway  bridge. 

18.  Simultaneously  construct  scour  protection  to  the  left  abutments  on  all 
bridges  during  the  temporaxy  channel  excavation. 

19.  Remove  and  replace  48-inch  C.I.P.  storm  sewer  in  right  bank  at  Sta. 
125+88  and  remove  rubble  wall  from  Sta.  125+85  to  Sta.  126+50, 

20.  Remove  8-inch  and  10-inch  siphons  and  install  new  twin  10-inch  siphons 
at  approximately  Sta.  156+33. 

21.  Excavate  channel  from  approximately  Sta.  156+00  to  South  side  of  7th 
Street  bridge. 

22.  Shape  banks  to  proper  slopes  (South  side  of  7th  Street  bridge)  from  Sta. 
151+90  to  Sta.  158+80  both  right  and  left  banka. 

23.  Begin  outlet  modification  of  storm  sewers. 

24.  Construct  wing  wall  extensions  at  7th  Street  bridge. 

25.  Construct  bicycle  path  underpass  under  the  east  end  of  7th  Street 
bridge. 

26.  Construct  concrete  scour  protection  and  place  12-inch  bedding  and  21- 
inch  riprap  under  7th  Street  bridge. 

27.  Begin  placement  of  bedding,  riprap  and  rockfill. 

28.  Construct  bicycle  path  on  slopes  of  both  sides  of  7th  Street  Bridge 


(north  and  south) . 


29.  Remove  48-inch  R.C.P.  and  bulkhead  at  diffuser  box  and  construct  Gate 
Well  A  (for  power  plant). 

30.  Construct  concrete  retaining  wall  on  right  bank  from  Sta.  169+40  to  Sta. 
174+79. 

31.  Construct  15-inch  sanitary  sewer  from  7th  Street  bridge  to  Center  Street 
bridge  and  remove  and/or  abandon  sanitary  sewer  and  sanitary  sewer 
manholes. 

32.  Excavate  channel  to  Dakota,  Minnesota  and  Eastern  Railroad  bridge  and 
remove  the  rest  of  Dam  No.  Z-2. 

33.  Remove  12-inch  C.S.P.  sanitary  sewer  siphon  at  approximately  Sta. 
170+80. 


34.  Construct  log  skimmer  in  front  of  power  plant  intake  structure 
(anytime) . 

35.  Construct  sheet  pile  on  left  bank  from  Sta.  172+37  to  Sta  174+40. 

36.  Shape  left  and  right  bank  from  Sta.  158+80  to  Sta.  176+00. 

37.  Construct  concrete  scour  protection  and  place  bedding  and  gabions  under 

Dakota,  Minnesota  &  Eastern  Railroad  bridge.  ^ 

38.  Remove  building  at  2nd  Street  NE. 

39.  Remove  stone  wall  on  left  bank  from  Sta.  180+75  to  Sta.  182+60. 

40.  Remove  stone  walls  on  right  bank  at  north  and  south  sides  of  Center 
Street  and  construct  concrete  wing  wall  extensions  on  right  bank  at 
north  and  south  sides  of  Center  Street  bridge. 

41.  Excavate  channel  from  Dakota,  Minnesota  and  Eastern  Railroad  bridge  to 
south  side  of  Center  Street  bridge. 

42.  Shape  right  bank  slope  from  Sta.  176.00  to  Sta.  186+50. 

43.  Construct  sheet  pile  wall  on  left  bank  fro  Sta.  174+40  to  Sta.  182+60. 

44.  Construct  bicycle  path  underpass  under  the  east  end  of  Center  Street' 
bridge,  and  construct  bicycle  path  underpass  approaches  on  the  bank 
slopes. 

45.  Construct  concrete  slope  protection  from  Sta.  182+60  to  Center  Street 
bridge  left  abutment. 


Construct  concrete  scour  protection  and  place  bedding  and  gabions  under 


Center  Street  bridge. 

Excavate  channel  from  the  south  side  of  Center  Street  bridge  to  4t 


Street  SE  bridge  and  3rd  Avenue  SE  bridge. 

48.  Remove  stone  walls  at  approximately  - 

Sta.  186+15  to  186+75  on  right  bank 
Sta.  188+10  to  188+65  on  right  bank 
Sta.  190+00  to  191+40  on  right  bank 
Sta.  192+90  to  193+45  on  right  bank 

49.  Remove  foot  bridge  abutment  on  right  bank  at  approx.  Sta.  193+05. 

50.  Remove  existing  concrete  wall  from  Sta.  203+50  to  204+95. 

51.  Shape  bank  slopes  from  South  side  of  Center  Street  bridge  to  4th  Street 
SE  and  3rd  Avenue  SE  bridge  (right  sides). 

52.  Construct  bike  underpass  at  3rd  Avenue  SE  bridge  and  construct  underpass 
approach  on  left  bank  slope. 

53.  Place  bedding  and  riprap  at  3rd  Avenue  SE  bridge. 

54.  Place  bedding  and  gabions  at  4th  Street  SE  bridge. 

55.  Construct  concrete  wall  from  Sta.  202+90  to  Sta.  204+95,  left  bank. 

56.  Construct  bicycle  path  on  the  right  bank. 

57.  Construct  plate  beam  guardrail  on  right  bank  around  Sta.  190+00. 

58.  Place  topsoil,  seed  and  mulch. 

59.  Reconstruct  all  disturbed  portions  of  pavement  on  Center  Street  and 
entrance  to  Mayo  Civic  Center  (possibly)  with  PC  concrete. 

60.  Reconstruct  parking  lots  disturbed  by  sanitary  sewer  location. 

61.  Redredge  Silver  Lake  at  conclusion  of  project  if  a  siltation  problem 
results  from  upstream  channel  excavation. 

3.  MAJOR  CONSTRUCTION  ACTIVITIES 


Silver  Lake  Dam:  The  tainter  gate  side  of  the  dam  should  be  completed 
first,  then  the  ogee  portion.  This  allows  opening  the  new  tainter  gates 
and  lowering  the  upstream  water  to  its  lowest  elevation  for  channel 
excavation,  and  upstream  construction  in  phase  2. 

Clearing  and  Grubbing:  The  Contractor  shall  dispose  of  the  cleared  and 
grubbed  trees  and  debris  from  along  the  construction  limits  by  means 
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After  clearing  and  grubbing,  all  areas  will  be  stripped  to  receive  fill, 
riprap,  and  rockfill.  Material  suitable  for  topsoil  should  be 
temporarily  stockpiled  at  predetermined  locations. 


Channel  Excavation:  The  channel  excavation  through  Silver  Lake  to  the 
7th  Street  bridge  can  be  dredged  prior  to  the  opening  of  the  new  tainter 
gates.  After  the  opening  of  the  new  tainter  gates  and  lowering  of  the 
water  elevation,  a  temporary  low  flow  channel  20  feet  wide  can  be 
constructed  along  the  left  portion  of  the  channel  from  7th  Street  bridge 
to  3rd  Avenue  SE  bridge.  This  temporary  channel  is  to  contain  the  flow 
and  dewater  the. right  portion  of  the  channel  for  excavation.  Deepening 
of  the  channel  bed  varies  from  1  foot  to  5  feet  below  its  present 
elevation.  These  operations  shall  take  place  during  the  spring  and 
summer  season  and  must  be  completed  before  mid-October. 


During  channel,  slope,  and  retaining  wall  excavations,  bedrock  will  be 
encountered.  (Bedrock  locations  are  shown  on  the  plans.)  The  estimated 
rippable  depth  is  0'-7'.  Bedrock  which  cannot  be  ripped  shall  be 
removed  by  blasting,  jackhammering,  or  other  approved  means.  If 
blasting  is  required,  the  contractor's  blasting  procedure  shall  conform 
to  state  laws  and  municipal  ordinances. 


Bank  Improvement:  During  channel  excavation,  the  Contractor  shall  shape 
banks  to  proper  slope  and  elevation,  then  bank  slopes'  can  be  protected 


with  bedding,  riprap,  rockfill,  and  gabions.  All  materials  used  shall 


meet  Corps  of  Engineers*  specifications. 
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Riprap  shall  be  placed  on  slopes  ranging  from  1  Vertical  on  3  Horizontal 
to  1  Vertical  on  2  1/2  Horizontal.  Rockfill  6  feet  deep  shall  be  placed 
at  1  Vertical  on  2  Horizontal  slopes  at  specified  locations. 

Concurrently  and/or  prior  to  the  bank  improvements,  removal  of  existing 
walls,  and/or  modifications,  and  construction  of  the  new  wing  walls  and 
flood  walls  should  take  place. 

The  flood  walls  are  located  as  follows: 


1)  Left  and  right  bank  flood  walls  located  directly  downstream  of  the 
Silver  Lake  Dam  from  the  dam  abutments  to  the  Broadway  Street  bridge 
abutments . 

2)  Concrete  flood  wall  running  on  the  right  bank  from  Sta.  169+40  to 
Sta.  174+79  (the  north  side  of  Dakota,  Minnesota  &  Eastern  Railroad 
bridge  abutment). 

3)  Sheet  pile  flood  wall  that  runs  along  the  left  bank  from  Sta.  172+40 
(the  north  side  abutment  of  the  Dakota,  Minnesota  &  Eastern  Railroad 
bridge)  to  Sta.  182+63.  Due  to  limited  space  along  the  existing 
building  at  Sta.  181+00  and  the  Art  Center  building,  a  sheet  pile 
wall  deadman  may  be  used  rather  than  a  concrete  deadman. 

4)  Sheet  pile  flood  wall  that  runs  on  the  left  bank  from  the  south 
abutment  of  Center  Street  bridge  to  Sta.  186+25. 

5)  Remove  portions  of  existing  wall  and  construct  new  concrete  flood 
wall  that  runs  on  the  left  bank  from  Sta.  202+90  to  Sta.  205+00. 

6)  Existing  sheet  pile  wall,  Sta.  169+20  to  Sta.  172+50,  left  bank. 
During  construction,  up  to  11  feet  of  earth  will  be  removed  from  in 
front  of  the  wall  prior  to  placement  of  rockfill.  The  sheet  piling 
should  be  checked  for  bending  and  lateral  resistance  of  toe  with 
tfiis  earth  removed,  and  the  need  for  temporary  bracing  should  be 
assessed. 

7)  Existing  concrete  wall,  Sta.  182+50  to  Center  Street  bridge,  left 
bank.  This  wall  should  be  considered  for  scour  protection  similar 
to  the  adjacent  bridge  abutment.  The  structural  adequacy  of  the 
retaining  wall  should  be  checked  for  conformance  to  current  loading 
specifications  for  flood  walls. 

Wing  wall  extensions  are  required  at  the  following  locations: 
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1) 


7th  St.  NE  bridge  has  four  existing  concrete  wing  walls  which 
require  extensions  with  sheet  pile  walls  approximately  130  feet  i^ 
total  length.  ^ 

2)  Center  Street  bridge  has  two  concrete  wing  walls  to  be  extended  on 
the  right  bank  for  a  total  length  of  approximately  290  feet. 

Storm  Sewer  Outlets:  The  construction  of  storm  sewer  outlets  will  be 

completed  simultaneously  with  bank  improvements.  The  outlet  pipe  may 

have  to  be  shortened  or  lengthened  depending  upon  the  cutting  or  filling 


required  on  the  bank. 

Scour  Protection  to  Bridges:  While  the  river  is  at  its  low  water 
condition,  the  scour  protection  can  be  completed  on  four  bridges: 

1)  North  Broadway  Bridge 

2)  7th  Street  NE  Bridge 

3)  Dakota,  Minnesota  &  Eastern  Railroad  Bridge 

4)  Center  Street  Bridge 

The  scour  protection  to  these  bridges  consists  of  concrete  additions  to 
the  abutments  and  piers.  Prior  to  diversion  of  the  water  through  th^ 
temporary  channel,  the  scour  protection  must  be  completed  on  the  left 
abutments.  The  channel  bottom  will  receive  granular  bedding  and 
gabions,  or  riprap,  as  specified  on  the  plans. 


When  constructing  scour  protection  and  sheetpile  wall  Cat  the  west 
abutment)  underneath  the  Dakota,  Minnesota  &  Eastern  Railroad  bridge,  it 
will  be  necessary  to  schedule  construction  closely  with  the  Dakota, 
Minnesota  &  Eastern  Railroad  Company  train  schedules.  As  of  December, 
1986,  there  is  no  definite  train  schedule  and  daily  train  traffic  is  one 
or  two  trains  each  way  per  day. 


Construction  of  15-inch  Sanitary  Sewer  on  the  Right  Side: 

Construction  of  the  15-inch  sanitary  sewer  must  be  coordinated  with  the 
construction  of  the  floodwall,  wingwall,  and  bank  protection.  d 


Foreseeable  problems  with  the  construction  of  the  sewer  line  are: 


1)  Boring  under  the  railroad  tracks.  Proposed  sewer  flow  line  is 
within  approximately  one  foot  of  the  top  of  bedrock.  A  horizontal 
rock  boring  may  be  required  to  install  a  30— inch  steel  casing  if 
rock  is  encountered  during  the  boring  and  jacking  operations. 

2)  The  floodwall  from  Sta.  169+40  to  Sta.  174+79  must  be  constructed 
before  the  sewer  line  can  be  installed  due  to  the  depth  of  the 
floodwall . 

3)  Due  to  the  depth  (approximately  20  feet  deep)  of  the  lS^inch 
sanitary  sewer,  the  construction  of  the  wingwall  from  Sta.  182+70  to 
184+75  must  be  completed  first. 

4)  The  Park  and  Recreation  Department  will  have  some  temporary 
inconvenience  during  the  construction  of  the  sanitary  sewer  across 
Center  Street  and  through  Park  and  Recreation's  parking  lot.  Center 
Street  may  be  temporarily  closed  during  the  sanitary  sewer 
construction. 

In  summary,  the  construction  of  the  15-inch  sanitary  sewer  will  have  to 
be  closely  scheduled  and  coordinated  with  construction  of  floodwalls  and 
wing  walls. 


Bicycle  Path:  The  bicycle  path  will  be  constructed  in  the  following 


three  phases: 


Phase  One  -  Construction  of  three  underpasses; 

Phase  Two  -  Construction  of  bank  slope  approaches  to  underpasses; 

Phase  Three  -  Construction  of  bicycle  path  including  excavation, 
embankment,  subgrading,  placing  of  aggregate  base 
material,  and  asphalt  material. 

Phase  Three  must  take  place  during  the  paving  season  which  is 
approximately  May  15  to  November  1.  Reconstruction  of  parking  lots 
disturbed  by  sanitary  sewer  and  bank  slope  construction  must  also  be 
completed  during  the  paving  season. 


Cleanup  Final  stages  of  construction  will  include  disposal  of  excess 
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materials,  placing  top  soil,  sodding,  seeding  and  mulching,  and  gener; 
cleanup  of  the  project  area. 


3rd  Avenue  SE  Bridge:  The  City  of  Rochester  is  currently  in  the  process 
of  designing  a  new  bridge  to  replace  the  existing  3rd  Avenue  SE  bridge. 
The  construction  of  a  new  bridge  at  this  location  will  alter  the  final 
design  of  the  channel  and  will  change  quantities. 

POWER  PLANT 


In  a  typical  year,  the  Silver  Lake  power  plant  uses  river  water  for 
cooling  purposes  from  September  1  to  June  1  when  river  water  temperature 
is  below  70°F.  Well  water  is  used  as  a  cooling  source  from  June  1  to 
September  1  when  water  temperature  is  above  70°F. 


Temporary  access  roads  must  be  constructed  for  hauling  purposes.  The 
access  roads  to  the  channel  bottom  will  be  used  for  removing  excavated 
material  from  the  channel  and  slopes,  and  may  be  used  to  haul  in 
bedding,  riprap  and  rockfill  material.  There  are  several  streets 
adjacent  to  the  project  site  that  may  be  used  for  hauling  purposes,  but 
the  Contractor  will  need  an  agreement  with  the  City  to  repair 
construction  related  street  damage  when  the  project  is  completed.  A 
temporary  access  bridge  and  road  could  be  constructed  by  the  use  of 
floating  barges  across  Silver  Creek. 

Certain  roads  in  the  cemetery  may  be  used  as  haul  roads  with  the  Owner's 
permission.  It  will  be  the  Contractor's  responsibility  to  restore  the 
roads  which  may  be  damaged  by  construction  operations.  ^ 


The  disposal  sites  for  excess  excavated  materials  are  indicated  on 
and  possible  haul  routes  are  shown  on  Exhibit  A. 

6.  DISPOSAL  AREAS 

Disposal  of  an  estimated  274,000  cubic  yards  of  excavated  material  is 

required.  A  large  tract  of  land  located  just  . _ side  of 

Rochester  is  the  only  area  necessary  to  accommodate  the  excess. 

Calculations  show  that _ area  is  capable  of  storing  the  total 

channel  excavation  material  quantity. 

Approximately  50,000  cubic  yards  of  select  excavated  material  is 
required  to  fill  an  area  just  north  of  the  cemetery. 

7.  COFFERDAMS  AND  DEWATERING 

The  use  of  cofferdams  will  be  necessary  in  several  project  construction 
phases;  for  example,  the  dam  modification,  bridge  scour  protection,  and 
concrete  flood  walls.  The  cofferdams  should  be  low  enough  to  permit 
overtopping  or  breaching  to  minimize  the  effect  of  upstream  flooding,  ; 

8.  CONSTRUCTION  MATERIAL  AVAILABILITY 

Construction  materials  required  for  the  project  consist  of  32,700  C.T. 
of  riprap,  21,800  C.T.  of  granular  bedding,  5,000  C.7.  of  fill  for 
gabion  baskets,  and  9,900  C.T.  of  rockfill.  All  the  materials 
mentioned  above,  including  the  coarse  aggregate  for  concrete,  can  be 
obtained  from  the  following  two  quarries  in  the  Rochester  area.  These 
two  quarries  lie  in  the  Shakopee  and  Oneota  formations. 

1)  Goldberg  Quarry  located  five  miles  north  on  Highway  63  from  Broadway 

E-u 


Street  bridge  and  one  mile  west  on  C.S.A.H. 


14. 


2)  Hammond  Quarry  located  12.8  miles  north  on  Highway  63  from  Broadway 
Street  bridge  and  two  miles  east  on  C.S.A.H.  11  on  the  north  side  of 
the  road. 


Further  testing  of  the  quarries  is  needed  to  determine  acceptability  by 
the  Corps  of  Engineers.  Both  quarries  have  been  tested  by  the  Minnesota 
Department  of  Transportation  and  have  passed  their  specifications. 


It  was  brought  to  our  attention  by  Twin  City  Testing  Engineering  and 
Laboratories  that  the  Goldberg  pit  may  be  running  out  of  the  high 
quality  material. 


Refer  to  Exhibits  B  &  C  which  show  quarry  locations. 
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APPENDIX  F 


RECREATION,  LANDSCAPE  DEVELOPMENT, 
AND  AESTHETIC  CONSIDERATIONS 


RECREATION 

1.  A  bicycle  trail  has  been  incorporated  into  the  project  as  a  recreation 
feature  that  will  be  cost  shared.  The  trail  is  an  8-foot-wide  asphalt¬ 
surfaced  link  between  existing  trail  segments.  The  trail  system  will  receive 
both  recreational  and  transportation  use.  In  addition,  the  trail  will  provide 
a  maintenance  access  road  for  the  flood  control  project. 

2.  The  trail  begins  in  Silver  Lake  Park  on  the  right  bank  at  Seventh  Street 
N.E.  A  trail  underpass  will  be  built  at  the  Seventh  Street  N.E.  bridge  and 
the  Center  Street  bridge.  The  trail  crosses  Silver  Creek  on  an  existing 
pedestrian  bridge  and  continues  upstream  to  an  underpass  at  the  Center  Street 
bridge.  An  at-grade  crossing  is  at  the  railroad  tracks  at  station  175+00. 
Above  Center  Street,  the  trail  follows  an  existing  street  that  parallels  the 
river  and  will  link  with  the  new  project  trail  at  station  193+00. 

3.  The  new  trail  will  continue  through  Mayo  Park  to  Fourth  Street  S.E.  It 
will  follow  Fourth  Street  S.E.  and  will  use  the  street  bridge  to  cross  Bear 
Creek.  The  new  trail  will  follow  the  left  bank  of  Bear  Creek  downstream  to 
the  Zumbro  River  and  will  continue  upstream  along  the  river  to  stage  limits  at 
Third  Avenue  S.E. 

4.  Park  shelters  will  be  built  at  stations  201+00  and  195+50.  A  specific 
shelter  design  will  be  developed  in  the  plans  and  specifications  for  Stage 
1A2.  Toilet  needs  for  trail  users  will  be  accommodated  by  existing  park 
facilities. 

5.  Details  relating  to  railing  needs  along  the  trail  at  riprap  areas  and 
underpasses  will  be  determined  during  preparation  of  plans  and  specifications. 
Railings  need  to  meet  traffic  control  and  safety  requirements  of  a  bicycle  and 
pedestrian  trail.  During  preparation  of  plans  and  specifications,  the  trail 
design  and  details  will  be  evaluated  for  consistency  with  guidance  in  EM  1110- 
2-410,  Design  of  Recreation  Areas  and  Facilities  -  Access  and  Circulation, 
Department  of  the  Army,  December  31,  1982. 

LANDSCAPE  DEVELOPMENT  AND  AESTHETIC  CONSIDERATIONS 

6.  In  its  23  January  1987  letter,  the  city  of  Rochester  expressed  concern 
about  aesthetics  and  the  landscape  development  plan.  A  copy  of  this  letter  is 
in  appendix  G. 

7.  A  landscape  development  plan  has  not  been  completed  for  this  feature  DM. 
A  landscape  concept  plan  will  be  developed  before  preparation  of  plans  and 
specifications;  it  will  be  completed  during  plans  and  specifications. 


13.  Without  changes  to  the  basic  feature  DM  design,  additional  background 
plantings  at  the  park's  right  bank  would  provide  some  visual  compensation  for 
viewers  using  the  park.  Foreground  plantings  along  the  left  bank  would  be 
designed  to  add  visual  diversity  and  interest  while  not  barring  or  physically 
restricting  views  of  the  river  channel  or  right  bank. 


% 
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APPENDIX  G 


CORRESPONDENCE 


January  23,  1987 


Colonel  Joseph  Briggs,  District  Engineer 
U.S.  Army  Corps  of  Engineers 
St.  Paul  District 

1135  U.S.  Post  Office  &  Customs  House 
St.  Paul,  Minnesota  55101-14799 


'**  •  august  • * 
Rochester,  Minnesota  55901 


Chuck  Hazama 
Mayor 


RE:  ROCHESTER  FLOOD  CONTROL  PROJECT/STAGE  IB  FDM  RECREATION  AND 
LANDSCAPE  CONCERNS 


Dear  Colonel  Briggs: 

During  1986  the  City  has  had  a  number  of  discussions  and  meetings 
with  Corps  of  Engineers  staff  concerning  the  Feature  Design 
Memorandum  for  Stage  IB  of  the  South  Fork  Zumbro  River  Flood 
Control  Project.  In  those  discussions,  City  representatives  have 
expressed  a  number  of  concerns  regarding  some  design  aspects  of 
the  Stage  IB  Feature  Design  Memorandum  plans. 

These  concerns  primarily  related  to  the  extensive  use  of  riprap 
material  in  Stage  IB,  especially  in  the  area  along  both  banks  of 
the  Zumbro  River  adjacent  to  the  Mayo  Civic  Center  and  on  the 
east  bank  of  the  Zumbro  River  from  Center  Street  to  the  Seventh 
Street  N.E.  bridge.  The  City  believes  that  some  further  review 
and  study  of  landscape  or  design  alternatives  in  those  areas  is 
in  order. 


We  would,  therefore,  request  either  that  such  study  be  conducted 
prior  to  completion  of  the  Stage  IB  FDM  or  that  some  assurance  be 
provided  by  the  Corps  that  the  City's  concerns  regarding  the 
landscape  design  aspects  of  the  Stage  IB  FDM  can  and  will  be 
studied,  with  the  active  involvement  of  the  City,  between  the 
Stage  IB  FDM  and  the  Stage  IB  Plans  and  Specifications  stages. 


The  City  would  also  wish  to  have  active  and  early  involvement  in 
the  preparation  of  the  FDM  plans  for  the  subsequent  stages  of  the 
project.  The  City  would  request  an  opportunity  to  work  with  the 
Corps  staff  or  the  A/E  firm  retained  to  prepare  the  FDM  for  the 
next  stage.  Stage  2.  As  joint  partners  in  this  project, 
cooperation  and  coordination  in  the  earliest  stages  of  plan 
preparation  will  facilitate  timely  implementation  and 
construction  of  the  project. 


